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PREFACE 


Si^ns are not wantinj^ that at the present time a revival of 
interest in Zooloi^y is taking place, and this book is an attempt 
to help on the movement by pointing out the various lines of study 
and explaining in simple language the views of modern specialists. 
Kvery effort has been made to treat the subject-matter in such 
a way as to interest the general reader, while at the same time 
the needs of junior students, amateur naturalists, and teachers of 
e'leineiiLary Zoology (including “Nature Study") have been 
steadily borne in mind. 

All the larger popular books on Zoology which have so far 
appeared in English take the various animal groups seriatim, a 
time-honoured plan which is in many ways valuable and useful, 
but which fails to bring out the complex interrelations that exist 
between the different groups, the interdependence of animals and 
plants, and the bearing upon life of chemical and physical con- 
ditions. A due appreciation of the great complexity of the struggle 
for existence, and a realization of our comparative ignorance re- 
garding adaptation of structure to habit, should open innumerable 
fascinating lines of really scientific study to many amateurs who 
are at present mere collectors of insects, birds’ eggs, or shells. It 
may. however, be noted that HalftVol^. 1 tfhd 11/ to some extent 
meet the needs of those who prefer the old plan, for they review 
in brief the entire animal kingdom, as a necessary preliminary to 
the study of the Food of Animals, Animal Defences, &c., which 
constitute the subject-matter of the remaining volumes. Even in 
the first two half-volumes, however, comparisons are constantly 
instituted between different animals and different groups, in illus- 
tration of general principles. 
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The Introduction fully explains the plan of the work, and the 
lines which have been adopted in writinfr it, and books to which 
the Author is specially indebted are mentioned in the text. It is 
both mentally and physically impossible for one zoologist to know 
at first hand more than a small part of his subject, and for this 
reason full quotations, in preference to mere paraphrases, have 
been taken from the writings of many distinguished specialists, the 
sources in such cases being always indicated. 

Many of the coloured plates have been drawn expressly for 
this book by Mr. A. Fairfax Muckley and Mr. William Kiihnert, 
and others are by Specht, the distinguished delineator of animal 
life. Some of the black-and-white plates, and many o^ the text 
illustrations are also new, and the remainder have been taken 
or re-drawn from acknowledged sources. Mr. R. A. L. Van 
Someren has been so good as to place at my disposal a number 
of his interesting photographs of birds and birds’ iu*sts, whilf‘ 
Prof. D’Arcy W. Fhompson and Mr. W. H. Reeves have 
obligingly supplied me with other original [)hotographs. 

Special acknowledgment is also due to the authors and pub- 
lishers of Das Ticrrciih, Die Sc/idf>/ung der Tierivclt, Das Leben 
des Meercs, and Ticrische Scliad/i?ige und Nutzlingc /or their 
courteous permission to make use of other illustrations. My 
friend and colleague, Dr., H. J. Fkaire, was so kind as to under- 
take the arduous task of editing the Index. 

J R. AINSWORTH DAVIS. 

AuF.RYbTWYiH, October, rgo4. 
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INTRODUCTION 

ON SCIENTIFIC METHOD 

There so many thinj;s to study in this world of ours, and 
i' too, that it is no easy task to dnnv up a complete list of 
subjects. And supposing this done, it is a stiU harder task to 
determine th(^ connection between the various subjects. This 
not the place to attempt sucJi a labour, and it wull suffice for our 
present purpose to point out tlut in universitie-s and other seats 
of learning it is customary to draw' a distinction between “ Arts'* 
and “Science” courses, tliough the boundary line is indefinite. 
The Arts student is chiefly concerned with language, literatures, 
mathematics, and philosojihy; wdiile the Science student, as such, 
is especially distinguished by the fact that he must work in the 
laboratory as well as in the' lecture-room, at chemistry, physics, 
and biology, besides attending mathematical and, it may be, 
philosophical classes. It will thus be .seen that mathematics 
and philosophy are considere<l common ground. 

As this book deals with a branch of science, it may be 
well to enquire more particularly what “ science ” actually 
i.s. And here we have to distinguish between “ pure " and 
“natural” science. “Pure” mathematics, the fringe of which 
is touched by all of us when we study arithmetic, algebra, and 
geometry, is an example of the former. It starts with certain 
self-evident truths, and makes 'ductions from these. The 
‘^natural” sciences, on the other hand, such as chemistry, 
physics, and biology, involve the study of facts by observation 
and experiment, these facts being afterwards used as a means 
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of determining the laws which regulate the universe. It is this 
special mode of procedure, the '^scientific method'', which dis- 
tinguishes the natural sciences. 'Fhe mode itself is known to 
everyone, though comparatively few could explain its exact 
nature. Huxley says (in his well-known address “On the 
Educational Value of the Natural History Sciences"): “Science 
is, I believe, nothing but trained and organized co 7 ?imon sense, 
differing from the latter only as a veteran may differ from a raw 
recruit; and its methods differ from those of common sense 
only so far as the guardsmans cut and thrust differ from the 
manner in which a savage wields his club”. The essence of 
the method consists in first ascertaining facts, resorting when 
necessary to experiment, then coming to some general conclu- 
sion based on the facts, and finally testing that conclusion by 
appeal to some Ccise not pre\ iously investigated. Take, for 
example, the discovery of coal-seams by sinking a shaft through 
the chalk rocks at Dover, Prior to 1826 numerous observations 
had been made on the coal-bearing rocks in Somerset on the 
one hand and the north of France on the other hand, the con- 
clusion being drawn that the two sets of rocks are practically 
identical. Twenty-nine years later, from these and many other 
additional facts regarding the distribution and arrangement of 
the coal- bearing rocks, Godwin Austen came to the conclusion 
that coal-fields exist far below the surface in the south-east of 
England. One such fact, thf*. existence of coal below the surface- 
rocks of Oxfordshire, was determined by an experimental boring 
at Burford. Various considerations ultimately led to the selec- 
tion of Dover as a suitable place for making a trial boring, 
which was begun in 1886 and completed in 1892. This boring 
proved the existence of a coal-field containing twelve seams of 
coal, tho top of which is 1113 feet below high-water niark.^ 

Steps in above example of sc ientific method : — 

1. The cfdlection and arrangement of facts relating to the 
coal-fields of Somerset, north of France, and Belgium, some of 
the facts being determined by experiment. 

2. Arrival at the following conclusion or generalization basted 
on the said facts: — “ Buried coal-fields exist in the area between 

‘The l>aresl outline of the farts is here given Detnls may l>c found in a pamphlet “On tlic 
Relation of (ieology and Engineering,” liy Pruftsvir Hti>d Dawkins, h .R.S. ; being the “James 
horresl” Lecture delivered at the Institution of t ivil Engineers, Session 1897 q 8.— Published by 
the Institution, Great George Street, W'estnunsti r, 1 ,/indon, S.W. 
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Somerset and north of France, the most likely locality being 
the neighbourhood of Dover’*. 

3. Verification of the generalization. A shaft is sunk at 
Dover and a buried coal-field is actually discovered. 

Among other striking examples of the scientific method may 
ue mentioned the discovery of the Laws of Gravitation by 
Newton, and the discovery of the planet Neptune by Ga^le in 
the position where Adams and Leverrier independently pro- 
phesied a new planet would be found. It may be stated 
generally that when a theory or generalization enables us 
correctly to prophesy future events, that theory may be re- 
garded as embodying one or more Laws of Nature. Thus, 
from calculations based on the theory of gravity, the position 
of the heavenly bodies at a given time can be predicted. 
Such calculations are to be found in the Nautical Almanac, 
publisned every three years, and these have always been found 
correct. Hence the Laws of Gravitation are regarded as Laws 
of Nature. 

The scientific method is essentially experimental, and thus 
requires further illustration. Much can be done by observation 
only, but the progress of science would be exceedingly slow 
if it wqj-e not for experiment, i.e. the observation of facts under 
controlled conditions, enabling us to determine points which the 
mere watching of nature might never allow us to elucidate. 
Vbry good instances are found in ^he histor) of the “ germ 
theory”, which explains infectious diseases as omy the action 
njf, microscopic organisms found within the body. Cattle, for 
example, are liable to be attacked by a most virulent com- 
pfelint of tht sort known as anthrax or splenic fei^cr. It was 
noticed that the blood of animals which had 'died from 
thU di^ase always swarmed w^ith rod-shaped microstopic or- 
ganisms, members of the large group of bacteria (microbes), 
the lowest subdivision of the vegetable kingdom. Mainly on 
the strength of this fact was founded the generalization— 
“ Anthrax is due to rod-like bacteria in the blood ”. Then 
follpwed experiments designed to t^ t the truth of this propo- 
sition. It was found ^ that if healthy animals were inoculated 
with infected blood they quickly developed all the symptoms of 
anthrax, and died in the same manner and after the same time 
as in naturally occurring cases of the disease. A certain support 
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was thus given to the generalization, but the possibility that the 
rods might be the consequence and not the cause of anthrax 
was not excluded, and further experiments of more elaborate 
and painstaking nature became necessary. By well-known 
methods, “pure cultures” were made of the rod -shaped 
microbes, i,e. they were grown in an artificially -prepared 
medium,- free from all other germs, in such a way that such 
other germs continued to be excluded. Healthy animals were 
then inoculated from these pure cultures, with the result that 
typical anthrax at once manifested itself. In this way the 
original generalization was experimentally verified. By similar 
methods of procedure many other diseases have been proved 
to be due to the noxious action of specific microbes. Other 
instances of the experimental method will be given in the course 
of this work. 

In all such cases the value of the imagination can hardly 
be overestimated. To frame a reasonable generalization from 
a mere collection of facts requires a mental jump, so to speak, 
and the man of real genius in the scientific world — the “ epoch- 
making ” man — is he who can make such leaps in the dark 
with the best prospect of alighting on solid ground. 

THE STUDY OF ANIMALS 

SrnfFTT-MATTrR OF BioLoGY. — All material objects are com- 
posed of what is known as “matter”, about which all that can 
i>r)sitivcly be staled is that it occupies .space, takes up room, as 
\\(' may say. Matter is liable to undergo change, and these 
changes are dealt with by chemistry and physics; by the former 
If they involve modification in composition; by the latter if they 
do not. One particular kind of matter is distinguished by the 
possession of life, which is recognized by its effects, though we 
are profoundly ignorant of its real nature. Biologyy the science 
of life (Oeek bios, life; logos, a discourse), deals with living 
matter, that is to say, with plants and animals, from all possible 
[Kjints of view. As organisms are constantly undergoing both 
chemical and physical changes, it is obvious that a knowledge 
of physics and chemistry is, to say the least, of immense value 
to the biologist. It has even been suggested that life will some 
day be explained by chemical and physical laws; but, even if 
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such mechanical explanation be possible, that day is far distant, 
for at present our knowledjrt* of the composition of living substance 
is exceedingly crude and imperfect. 

Subdivisions of Rioloov.— So vast a subject as that dealing 
with life obviously needs subdi\ ision for purposes of convenience, 
and it is customary to n^cognize two main branch(‘s, Botany and 
Zoolotry, dealing with plants and animals respectively ((ireck 
bota?u\ a })lant; soon, an animal). 'Fhis d(jes not mean, however, 
that there is any sharp boundary Inlween the animal and })lant 
worlds. No doubt it is esasy to t(‘ll the difference between a 
higher plant and a higher animal, though it might not be so 
sim[)le to point out in exactly what the difference' consists; but 
when we come to microsco[)ic organisms, difficulties soon arise, 
and tli<' usuai tests break down. WYIl-dt lined lines of division 
but rarely occur in the organic world. 

In this book w^c shall coniine ourself in the main to Zoology^ 
or Natural History as it is often called, Imt reference to the 
vegc'table kingdom will have to be n.ade in many connections, 
owing to the obvious fact that there is a very intimate relation 
between plants and animals. 

Ways of Studying ZoouxiV. — Animals, of course, can be 
studied from various stand -points, some of which will here be 
mentioned, as they form a basis for the splitting uj) of the sub- 
ject. The accumulated observations of thousands of observers 
constitute such a mass of knowledge (one, too, that is ever grow- 
ing), that it is a hopeless task for any individual to acquaint 
himself with what is already known, and even the professional 
zoologist can do no more than acquire a general knowledge of his 
subject, with special knowledge of some limited branch. And 
when we reflect that, after all, the known is very small, while the 
unknown is stupendously large, in amount, the present tendency 
to specialization becomes fully intelligible. It is nevertheless 
(juite easy for anyone of average intelligence to acquiie sound 
general ideas regarding the various p -sible modes of attacking 
the subject. 

I. The Stand-pomt of the Naturalist . — Zoology to the na- 
turalist is essentially an open-air study. He delights in watching 
living animals with the view of finding out all he can about their 
habits, naturally learning at the same time a great deal about their 
external features, and also finding it necessary to know something 
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about classification. Nearly every country child is a naturalist in 
this sense, not to mention many older persons, though for some 
decades there has been an unfortunate tendency to ignore habit 
and pay overmuch attention to what we may call laboratory 
zoology. The most admirable type of English naturalist is 
undoubtedly Gilbert White, author of the well-known book, 
The Natural History of Selborne, in which he records ob- 
servations made by him during his residence there. Selborne 
was his native place. Born in 1720, he later on filled a curacy 
in the neighbouring parish of Faringdon (1755-84), ending his 
life as curate of Selborne (1784-93). The late Richard Jefferies, 
himself an ardent naturalist, speaks of White in a preface written 
to the Camelot edition of the Natural History. After quoting 
an observation as to the way the garden warbler sips honey from 
the Crown Imperial, Jefferies remarks: — “Here we . . . see 
how different minds may trace out the bearing of the same fact. 
The old naturalist at Selborne simply records it in language which 
could not be better chosen, highly delighted evidently, and taking 
a deep interest in it for its own sake. In the same manner, anyone 
who has a taste for out-of-door observations jnay study natural 
history without any previous scientific learning. . . . Part of his 
(White’s) success was owing to his coming to the field with a mind 
unoccupied. He was not full of evolution when he walked out, or 
devolution, or degeneration. He did not look for microbes every- 
where. His mind was free and his eye open. To many it would 
do much good to read this work, if only with the object of getting 
rid of some of the spiders’ webs that have been so industriously 
spun over the eyesight of those who would like to think for them- 
selves.” Fortunately a reaction has been setting in of late in 
favour of natural history, and we are beginning to realize that far 
less is known about the habits than about the structure of animals. 

Among charming books of the kind the following may well be 
mentioned : — 

Bates — Naturalist on the Amazons. 

Belt— Naturalist in Nicaragua. 

Brehm — From North Pole to Equator. 

Buckland — Logbook of a Fisherman and Naturalist^ and Curiosities of 
Natural History. 

Darwin — A Naturalisfs Voyage. 

Forbes — A Naturalists Wanderings in the Eastern Archipelago. 

Fowler — Tales of the Birds^ and A Year with the Birds. 
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Gosse — A Year at the Shore^ and other works. 

Hickson — A Naturalist in North Celebes. 

Hudson — The Naturalist in La Plata. 

Jefferies — Ped Deer^ and other works. 

Lloyd Morgan — Animal Sketches. 

Moseley — Naturalist on the “ Challenger^^ 

Seinon — In the Australian Bush. 

Fred Smith — Boyhood of a Naturalist. A little book which breathes 
the spirit of Gilbert White in every page. 

Wyville Thomson — The Depths of the Sea^ and Voyage of the “ Challenger^'. 
Thoreau — Walden. 

Wallace — Malay Archipelago^ and Tropical Nature. 

Waterton — A Naturalist's Wanderings in South America. 


The camera has lately with great success been pressed by the 
brothers C. and R. Kearton into the service of outdoor zoology, 
but this has not been done without untiring patience and the 
expenditure of a very large amount of time. Their books, With 
Nature and a Camera, British Birds Nests, and PVi/d Life at 
Hofne, are ideally illustrated. 

2. The Stand-point of Classification. — Such an enormous num- 
ber of animals exist (considerably more than a million kinds being 
now known to science) that as a matter of convenience it is found 
necessary to classify them, that is, to arrange them into groups 
according to their likenesses and differences. Animals have 
always played such an important part in the lives of human 
beings, as sources of food, clothing, ornament, &c., and as objects 
of interest, that even the most primitive languages contain words 
for different kinds of animal. The names of those animals which 
have been longest domesticated, such as ox and sheep, are thus 
found to be of extremely ancient origin, and the same is true in 
the case of certain widely distributed and conspicuous wild forms, 
such as mouse, midge, beaver, and eel. But in addition to this 
we have class-names, such as bird, fish, snake, &c., which con- 
stitute the unconscious beginning of a rough classification, as they 
embody the fact that many kinds of animal collectively form a 
larger group, e.g. that of birds. But besides this we learn from 
the literature of many cultured peoples that even in early times 
deliberate attempts at classification were made. An example of 
this may be found in Genesis, i, 26, where we read, “ . . .let 

them have dominion over the fish of the sea, and over the fowl of 
the air, and over the cattle, . . . and over every creeping thing 
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that creepeth upon the earth". Solomon is represented (i Kings 
iv. 33) as using the same fourfold division, except that the word 
“beast" is used instead of “cattle". The creatures included 
under the former term are evidently those which are popularly 
called “quadrupeds" at the present day, while scientifically they 
are known as “ mammals The lower terrestrial forms of life are 
embraced by the comprehensive term “creeping things”. The 
word “ insect " was used in English till comparatively recently 
much in the same way. This crude classification is clearly based 
on the nature of the media in which the various animals live, i.e, it 
is a division into animais living respectively on the land, in tlic 
water, and in the air, land animals being further subdivided into 
higher and lower forms. vSuch a grouping is of necessity ver)’ 
superficial, for habitat is a very misleading guide to affinity or 
likeness. Whales, porpoises, and seals are as much “beasts" as 
cows and sheep, though to this day we speak of whale and seal 
“fisheries". And further, such a group as “creeping things" 
or “ insects " (in the old sense) contains such a miscellaneous 
assortment of creatures that it may be looked upon as a mere 
receptacle for forms finding no place in the other three sub- 
divisions. 

The first man to place zoology on a .scientific basis was the 
Greek philosopher Aristotle (384 -322 b.c.), “perhaps the greatest 
and most truly scientific man in the highest sense of the word 
that the. world has ever known" (Milnes Marshall), who, though 
the study of animals was not the one to which most of his 
time was devoted, has nevertheless been styled the “ Father 
of Natural History". Aristotle had a very considerable know- 
ledge of the habits and structure of the animals known to him. 
about 500 in number; he was impressed by the fact that the 
animal kingdom exhibits a transition from lower to higher, and 
devised a scientific system of classification based on structure. 
His great merit here lies in the fact that he divided the animal 
kingdom into two groups. — (A) Animals with red bloOd and a 
backbone, and (B) Animals without red blood and no backbone, 
a division which corresponds precisely with the modern one into 
Vertebrata (Backboned animals) and Invertebrata (Backboneless 
animals), though we now know that the distinction as to blood is 
not quite so absolute as Aristotle supposed. He further recog- 
nized five classes among the backboned animals (viviparous 



THE STUDY OF ANIMALS 


9 


<}uadrupeds producing living young, egg-laying or oviparous 
quadrupeds, birds, fishes, and whales), and four among the back- 
boneless (molluscs, scaly animals, animals with soft scales, and 
insects). 

Unfortunately, after the t«‘me of Aristotle zoology progressed 
in a backward direction, and during the Middle Ages all sorts 
of absurd ideas gathered around it. A fresh start was made by 
Wotton (1492-1555), a native of Oxford who afterwards became a 
London physician. He went back to the classification of Aristotle, 
and from his own observations enlarged upon it. Further work in 
the same direction was afterwards done by the Swiss professor, 
Gesner (1516-65), and by the Englishman, John Ray (1628- 
1 705), work which led up to the better known and more extensive 
labours of Karl von Linn^, usually known by the name of Linnaeus 
{1707-78). As professor of Natural History in the Swedish 
university of Upsala, he wrote his System of Nature, which must 
ever remain a classical work, and in which are laid down the 
foundations of our modern classification. Comparing the plant 
and animal worlds to armies, he instituted a series of subdivisions 
named, beginning with the largest, class, order, genus, and species, 
metaphorically equivalent to the legions, cohorts, maniples, and 
contubernia of a Roman host His animal classes were six in 
number. Linnaeus also introduced the system of giving each 
kind of animal a double name, the first being that of the genus, 
the second that of the species. We find living in Britain, for 
example, three kinds or species of hare-like animals, all belonging 
to the genus Lepus, and called in popular language rabbit, hare, 
and Alpine or Irish hare. The double scientific names of these 
are respectively, Lepus cuniculus, Lepus timidus, and Lefnis varia- 
iilis. The utility of such names is obvious, for if in recording 
observations on, say, the rabbit, we speak of it as Lepus cuniculus, 
a zoologist of any nationality whatsoever will know to what animal 
we are referring, while merely to employ the popular name might 
lead to great confusion. It will be noticed that the first or generic 
name is comparable to a surname, while the second or specific 
ifkme may similarly be compared to a Christian name. The 
generic name is placed first merely as a matter of convenience, 
just as in an official list of human beings, such as a list of voters, it 
is found more convenient to give first place to the surname. By 
universal consent, scientific names are almost entirely taken from 
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the dead languages^ Latin and Greek, as these are studied by alf 
civilized nations. Unfortunately many such names are clumsy, 
and some are barbarous mixtures of Latin and Greek; but in spite 
of this the system is a good one. 

The classification of Linnaeus, like that of Aristotle, is a 
“ classification by definition As a result of observation, certain 
groups are defined, Le. their essential characters are given, and 
newly - discovered animals are placed in this or that group- 
according as they are found to possess or lack certain features. 
Such a classification assumes the existence of sharp boundary 
lines in nature, and is really based on the idea that the different 
kinds or species of animal were created separately and inde- 
pendently. The Linnean Class of Mammals, for instance, is. 
defined as being a group of viviparous animals, possessing a four- 
chambered heart and hot red blood. Any newly-found kind of 
animal possessing these features would be considered a mammal. 
In framing such a classification comparatively few prominent 
features are selected, and more attention is paid to the boundary 
lines than to the resemblances between the animals constituting 
a group. This particular method of subdivision is by no means 
confined to natural history; an example from ano^er province is 
afforded by the classification of Britons according to income for 
income-tax purposes. Those individuals falling well within a sub- 
division are of no .special interest, but those only just coming up to* 
the amount of a particular class are objects of commiseration to* 
themselves as paying a particular percentage with the least reason, 
while on the other hand those who only just escape falling within 
a more highly-taxed section have a special interest for the assessors. 

After the time of Linnseus the rapid progress of more accurate 
observation, now aided by fairly good microscopes, gradually led 
tQ the conviction that classification by definition is far from satis- 
factory, and to a reaction against the current idea that the different 
groups of the animal kingdom form a linear series, a gradual 
ascent from low to high in, so to speak, a straight line. The next 
important scheme of classification, which we owe to the great 
French anatomist Cuvier (1769-1832), is one by “type” Thfs 
system lays stress upon the resemblances between the members, 
of a group rather than on the boundary lines between different 
groups, or, in other words, “The class is steadily fixed, though 
•qot precisely limited; it is given, though not circumscribed; it is 
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determined, not by a boundary line without, but by a central point 
within ; not by what it strictly excludes, but by what it eminently 
includes; by an example, not by a precept; in short, instead of a 
definition we have a type for our director” (Whewell). Cuvier 
was the first to recognize the fact that the different groups of 
animals are related to one another like the branches of a tree, and 
not like successive portions of a straight line. He recognized four 
great branches — Vertebrates, Molluscs, Articulates, and Radiates, 
each distinguished by its special type of structure. 

Since Cuvier’s time it has come to be more and more 
recognized that in a '‘natural” classification, i,e. one having 
regard to as many distinctive features as possible, in contradis- 
tinction to an “ artificial ” system which regards only one or a 
few arbitrarily chosen characters, the groups of animals must 
be represented diagrammatically by a tree, in which the large 
branches represent the large groups, their subdivisions the smaller 
groups, and the leaves individuals. This conclusion has been 
greatly supported and extended this century by the study of 
extinct animals, placed on a scientific basis by Cuvier himself; 
and by the teachings of development or embryology, a zoological 
branch of which the foundations were firmly laid by von Baer 
(1792-1876). 

The real meaning of this tree-like arrangement of organisms 
was at first a mystery, but, thanks more particularly to Charles 
Uarwin and his contemporary Alfred Russt^ll Wallace, who is 
fortunately yet among us, we now understand it to be an ex- 
pression of an actual blood-relationship — to be, in fact, a veritable 
genealogical tree, the outcome of a process of evolution. And 
hence classification at the present time is a “classification by 
pedigree ”, and is perfect, in so far as we are successful in arranging 
animals according to their actual affinities. 

3. Zoology as regarded by the Morphologist or Student of 
Animal Form , — One of the main subdivisions of modem zoology 
is the branch dealing with the shape or form of animals, using 
these words in their broadest sense. This part of the subject is 
Animal Morphology (Gk. morphe, form; logos, a discourse); and 
it deals not only with ,the external characters, the outward form, 
but also with the stmcture or inward form, as revealed by dis- 
SK:tion and by the use of the microscope. The external characters 
of animal^ were naturally those first noticed; then came the study 
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of their anatomy, to which Cuvier gave an immense impetus; 
and lastly, the investigation of minute structure or histology 
(Gk. kisiffs, a texture), which, though the compound microscope 
was invented near the end of the sixteenth century, practically 
began as a serious study with Malpighi and others nearly a 
hundred years later, and has rapidly advanced up to the present 
time, every successive improvement of the microscope leading to 
the acquisition of more extended and more accurate knowledge. 
The microscope, too, besides vastly increasing our knowledge 
regarding the structure of well-known animals, has thrown open 
to investigation a once unsuspected world of minute forms, just 
as the telescope has extended our field of observation in the 
other direction. 

Morphology, however, is not content with merely cataloguing 
facts regarding the structure of different sorts of animals. It 
compares and classifies these facts, and endeavours, as far as may 
be, to explain them in the light of the evolution theory. Innumer- 
able problems are met with, many being of the most fascinating 
description, and the solution of these constantly engages the 
attention of numerous expert workers. Some of these questions 
are naturally very abstruse, but many of them, wheti properly 
presented, are certain to excite the interest and arrest the atten- 
tion of almost any intelligent person. As a good example of 
such a problem and its solution we may take the nature and 
origin of teeth. 

Teeth, as seen, for example, in a dog or cat, are hard bodies 
having a certain complex structure, and developed by the lining 
of the mouth-cavity. The question may be asked — “ How have 
teeth been evolved, and are any other parts of the animal body 
comparable with them?” No answer can be given to this unless 
the comparative method be adopted (a method we owe to the 
illustrious German biologist, Johannes Muller, and which is of 
supreme importance in zoological matters) and a general survey 
taken of the backboned animals generally. Mammals, birds, 
iind amphibians do not afford a solution of the problem; but on 
coming to fishes we find that many of them possess numerous 
hard defensive bodies in the skin known as “placoid scales”, which 
vary greatly in shape in different cases. Now these scales 
greatly resemble teeth in structure, and if in a dogfish we closely 
examine the neighbourhood of the mouth, it will be found that 



THE STUDY OF ANIMALS 


*3 


the placoid scales gradually become more and more tooth-like 
as regards shape, all the intermediate stages being found. To 
this it may be added that the mouth -cavity develops as a pit 
or depression in the surface of the body, so that its lining is 
really specialized skin, and might be expected to produce similar 
structures to those characteristic of skin. Piecing together these 
various facts we arrive at the conclusion — “ Teeth have resulted 
from the modification of scales belonging to the mouth - cavity ”, 
a conclusion which is rendered still more probable when we 
find that teeth are by no means limited to the edges of the 
jaws, but may also be found (in some fishes, reptiles, &c.) on 
the roof and other parts of the mouth -cavity. That teeth 
sliould persist in animals like mammals, which have long since 
lost the original scaly covering of remote ancestral forms, is ex- 
plained by the principle of “ change of function ”, often exemplified 
by ornrans which are out of work from having lost their original 
job. J his is a case of primarily defensive structures which have 
been pressed into the service of the digestive system, though 
they may also, in certain instances, again be modified for defence 
and offence on new lines. 

4. 77/c Stand-poidt. —Students of physiology are, 

like naturalists, interested in the life- manifestations of animals, 
but their enquiries are more subtle, and aim at determining the 
uses or functions of tlie various parts revealed by anatomy and 
histology. To determine the nature of life is the final aim of the 
physiologist. The several departments of zooL gy are so intimately 
related that they are briefly described here under separate headings 
merely as a matter of convenience. This is particularly true of 
physiology and morphology, which are so closely interwined that 
it is impossible to separate them. The study of form would be 
extremely dull and largely profitless without some knowledge of 
function, and the study of function presupposes a preliminary 
knowledge of form, hor example, a far more vivid interest is 
imparted to a de.scription of the structure of the eye if the uSes 
of its various parts are kept in view, while any explanation of 
vision would obviously be impossible were the related anatomierd 
facts ignored. A very good ^ xample is afforded by the lootn 
problem, dealt with in the last section, where questions both of 
morphology and physiology are involved. 

5. The Embryologist's Stand-point,— i:\\e study of form and 
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function when applied to animals before they reach the adult 
condition is known as Embryology or Development. From very 
early times it attracted a considerable amount of attention, but was 
first placed on a really scientific footing by von Baer (1792-1876), 
and as the result of the labours of many specialists, notably Francis 
Maitland Balfour (1851-82), formerly Professor of Animal 
Morphology in the University of Cambridge, and the Russian 
zoologist Kowalewsky, is now an important, perhaps even an 
overestimated, branch of the subject. As in so many other cases, 
the interest of the facts has been enormously increased as a result 
of the influence of the theory of evolution. Consisting as the 
subject-matter does of the life-histories of animals, it has always 
formed part of the work of the field naturalist, who has delighted 
in the mysterious growth of frog from tadpole, or the passage of 
caterpillar into chrysalis, and that again into the butterfly. Such 
interest had quite a new turn imparted to it when the evolutionist 
formulated the “ Law of Recapitulation ”, according to which, in 
the words of Milnes Marshall, ‘'every animal in its own develop- 
ment repeats its history, climbs up its own genealogical tree ”, 
Thus interpreted, the fish-like tadpole points to the descent of 
frogs from ancestors which in many respects possessed those 
characters which we noVv associate with fishes. There has been, 
however, a tendency to exaggerate the importance of this law. 

6 . The Stand-point of Distribution . — Under this heading two 
things call for consideration — (^7) Uistribulion in Space and ( 6 ) 
Distribution in Time. 

(a) Distribution in Space. — F-veryone knows that different coun- 
tries are inhabited by different sorts of animals, e.g. that kangaroos 
are to be found in Australia, ostriches in Africa, and sloths in 
South America, Until the rise of the evolution theory no ex- 
planation was given of such facts, except that animals have b^en 
created separately where we now find them. This was the 
doctrine of “ special creation ”, and if we adopt it, the study of 
distribution can be little more than a recording of facts. Admitting 
however, the truth of the evolution theory, it becomes possible to 
give a reasonable Explanation of many curious and at first sight 
anomalous instances of the sort. We have, for example, the well- 
known case of the tapir, an animal somewhat resembling the pig in 
appearance but possessing a short proboscis. T hese creatures are 
only found in South America and the Malay region. We know. 
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however, from geological evidence, that animals of the kind 
formerly existed in North America, Europe, and Asia, and their 
present occurrence in two widely isolated areas is thus explained, 
extinction (dying out) having taken place in the intervening tracts 
owing to the competition of other forms of life. 

{b) Distribution in Time, — As will be fully explained in the sequel 
the study of geology enables us to some extent to carry back the 
study of animal life to periods immensely remote from the present, 
and to construct a history of animals in chronological order. As, 
from an evolutionary stand-point, we might expect, there has been 
on the whole a progress from low to high, and it is even possible 
to work out with some approach to accuracy the pedigrees of 
certain existing groups. We learn that some forms, including 
Man himself, are of comparatively recent origin, while, on the 
other hand, there are many groups of animals which have no living 
rep**Ch,intatives. Much light is also thrown, as indicated above 
in the case of the tapirs, upon problems of distribution in space. 

7 . The Utilitarian Stand-point, — We may include under this 
heading not only economic zoology, dealing with the animal 
kingdom as a source of food, clothing, ornament, &c., but also 
facts regarding animals as they appeal to the sportsman, the 
keeper of pets, and the lover of the beautiful. 

Economic zoology, though largely statistical, also involves 
issues of more general interest, such as the improvement of farm 
stock, fish-hatching, oyster culture, and bee-keeping. Facts ob- 
served from a purely practical stand-point in these and other 
departments of applied zoology have often proved invaluable to 
theorists, as appears abundantly in the pages of Darwin's great 
work. Plants and ylnwia/s under Domci>ticatio7i\ while, on the 
other hand, researches conducted by theorists have repeatedly 
borne practical fruit. 

As regards animals in a sporting connection, it commonly 
happens that sportsman and naturalist are combined in the same 
individual, and our knowledge of the habits of many animals is 
largely derived from this source. Such books as Sir Samuel 
Baker’s Wild Beasts and their Ways, Shield s The Big Gaine of 
North America, and Chapman's Wild Norway, Wild Spain, and 
Bird-life of the Borders, among innumerable others, illustrate this 
point. 

Anhnal /Esthetics, dealing with animals as objects of beauty, 
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is a branch of zoolog^y which can scarcely be said to be organized, 
but it is a commonplace to siiy that animal form and colour have 
always proved more or less attractive to painters, sculptors, and 
human beings in general. The uses of animals, parts of animals, 
or animal products for ornamental purposes fall to be treated of’ 
by economic zoology. 'Fhe old idea was that the beautiful or 
striking forms and colours of plants and animals were intended 
solely for the gratification of human tastes. Modern theory inter 
prets them as playing .some part with reference to the organisms 
themselves. Predatory animals are often coloured so as to render 
them inconspicuous to their prey, while, on the other hand, many 
creatures are thus protected to some extent from their enemies. 
Conspicuous colours and markings, such as those of the wasp, ma\' 
be of “warning’’ nature, acting as danger-signals, while some of 
the most beautiful timings are plausibly explained as “ courtship 
colours ”, c.^. the brilliant scarlet hues assumed by the male 
stickleback during the nesting se;ison. 

8. T/ie Philosophic Stand-point , — The groundwork of zoology 
undoubtedly depends on observation of the various classes of facts 
enumerated under the preceding headings, but this is not the 
highest development of the subject. Here the piilm must be 
given to zoology considered as a branch of philo.sophy, aiming at 
the explanation of the facts relating to animal form, function, and 
distribution by means of theorms founded on such facts. Thus 
we .see an otherwise chaotic ma.s.s of material falling under general 
laws, and a.ssuming orderly proportions, as in the sister sciences 
of astronomy, chemistry, physics, and geology. All intelligent 
workers in the zoological field, whatever may be their special 
branch- -form, function, development, classification, or what not,- 
adopt the philosophic stand-point more or less, for without a 
reasonalde admixture of theory the subject-matter of zoology is 
but as bread without leaven, or meat without salt. 

Although speculation, often crude, it is true, has always been 
more or less a.s.sociated with the study of living beings, its influence 
as a revolutionary and stimulating agent undoubtedly dates from 
1859, the year in which Darwin and Wallace formulated their 
theory of evolution. And it is the especial glory of zoology 
tliat the theory then propounded has had the most wide-reaching 
influence, not upon biology alone, but upon every branch ol 
ictiriiing. For biology connects on the one hand with subjects. 
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such as chemistry, physics, and geology, and on the other with 
the study of mankind and the works of man. P'rom morphology 
and physiology we pass, though not without huge gaps in know- 
ledge, to the study of mind (psychology), sociology, political 
economy, law, ethics, and history, while even linguistic students 
are nowadays confronted with problems best explained on an 
evolutionary basis. 

thp: plan of prplsent work 

Most popular modern books on zoology written in English 
deal with the various groups seriatim, beginning with the highest 
forms and ending with the less familiar creatures, our knov\- 
1 dge of which is mainly due to the microscope. Of such books 
Cassell’s Popular Nahu'al History and I ydekker s Royal Natural 
may be mentioned as admirable types. 

This plan is not here followed, but an attempt is made to 
treat the .subject in a comparative manner, taking function as the 
Ixisis, and illustrating the various points as they occur by examples 
taken from all or many of the animal groups. It is believed 
that this plan is better adapted than the other for bringing into 
relief ^he most interesting facts and theories of modern zoology. 
.Such a mode of treatment was once much in vogue, both in 
Picture courses and in books like the late Dr. Carpenter’s 
. hi imal Physiology, 

A sketch of Classification will Iirst be given, so as to familiarize 
the reader with the chief groups of animals and the range in form 
presented by the animal kingdom, especially as regards external 
characters. Special attention will be given to familiar forms, 
particularly such as arc native, and those which may be com- 
monly seen in zoological gardens. This will be followed by a 
section on the Food and Feeding of Animals, with special refer- 
ence to interesting modifications and adaptations resulting from 
the various ways in which animals get their livelihood, if one may 
use the expression. A7iwial Defences will next be treated, and 
this section is closely connected with the preceding, as means 
of defence are mainly necessaiy to protect animals from the 
attempts of other animals to eat them. Breathing and Move- 
ment, as two primary functions, will form the subject of the next 
two sections, under which will be fully treated adaptations for 

You 1. 2 
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breathing in air and in water, and modes of movement above- 
gjound, underground, in water, and in air. 

The subject of Developtnent will next be dealt with, and 
typical life-histories will be given, after which such subjects as 
Care of Eggs and Young and Anivial Honus and Dwellings 
will receive attention. 

The lower functions of animals having been dealt with in 
the earlier sections of the book, the higher functions will next 
be considered, and some of the more important details regarding 
the structure and function of Nervous System and Sense Organs 
will be presented. This will be followed by a section on Instinct 
and IntelligeficCy activities involving the operation of the organs 
described in the preceding section. Such matters as the migration 
of mammals and birds, the habits of social insects (ants, bees, 
wasps, &C-), and the '‘homing instinct'’ of certain forms, will 
here receive treatment. 

In the remaining part of the book considerable .space will 
be devoted to the wide and interesting questions connected 
with the Association of Organisms, The first thing here to be 
dealt with will be the various kinds of association obtaining be- 
tween plants and animals, such as the relation of insects to flowers, 
ants to various plants, insectivorous plants, and gaTTs produced 
by insects. Next will follow an account of the chief kinds of 
association between 'animals of the same specu^s, including 
chapters on Mating and Courtship, and on Animal Communities, 
in so far as the last subject was not treated of in relation to 
instinct. Different kinds of association between organisms of 

d. il'crent species wil’ be the last heading under this section, 
and will include all the various sorts of relation known to biolo- 
gists, among these being Commensalism, where messmates are 
associated; Mutualism, /here there is an intimate beneficial union; 
and Parasitism, in whic i unwelcome guests prey upon a “host”. 

The concluding sections of the book will be devoted to 
Utilitarian Zoology, Distribution in Space and Time, and 
Philosophical Zoology. 

Under Utilitarian Zoology we shall have occasion to deal 
with animals as the foes and friends of man, and this will naturally 
involve some description of the chief ways of coping with foes, 

e. g, agricultural pests, and some of the methods, e,g. pisciculture, 
by which the usefulness of animals is enhanced Some space 



THE PLAN OF PRESENT WORK 19 

will also be devoted to domestic animals, animal pets, sporting 
zoology, and animal aesthetics. 

Distribution in Space will be illustrated by typical cases, 
involving a brief exposition of leading principles. A short 
account of life as modified by various surroundings will follow, 
and such subjects as deep-sea, fresh-water, and underground 
faunas will here receive treatment 

Distribution in Time will involve a sketch of the ancient 
life -history of the earth, under which the most interesting ex- 
tinct forms will, of course, be described. 

The section on Philosophical Zoology will of necessity be 
chiefly occupied by some account of the Theory of Evolution, 
and of related matters, such as the question of Heredity. 







CHAPTER 1 


CLASSIFfCATION— STRUCTURE OF MAN TAKEN AS 

A TYPE 


GENERAL CONSIDERATIONS 

In considering Jiny sclieme of classification, and in subsequently 
dealing with tlie various functions of animals, reference will con- 
stantly have to be made to external characters and to various sets 
of organs and their mode of action. It would therefore appear 
desirable, in order to clear the ground, to give some account of 
ce^"* points of fundamental importance, and this can perhaps 
best be done by fixing our attention at start upon some familiar 
organism. It is undoubtedly the best plan to begin with the 
known, and from this to proceed to matters regarding which the 
majority of readers are more or less ignorant, though throughout 
this l>ook no technical knowledge will be assumed. And fcT 
various reasons, such, as that a very large number of persons 
have some elementary acquaintance with Human Anatomy and 
Physiology, it is deemed advisable to begin this chapter by a brief 
account of the structure and life-functions of man himself. 

SvMMrTRY. — The body of a human being, and the same is 
true for the common domestic animals, is bu'lt with a certain 
sort of regularity to which the name of tw^o-sided or bilateral 
sy7}i?jiciry is applied. And to fully appreciate what is meant by 
this we must suppose the body to be placed with its 
front surface downwards, as is permanently the case 
in a dog, rabbit, or frog. This is clearly necessary, 
for if we are to compare man with the lower animals 
the same relative positions must be assumed for 
[)urposes of description. 

Bilateral symmetry means, then, that the body can be divided 
into two corresponding halves i.t one way and one way only. 
Simple examples of this kind of regularity are afforded by an 
isosceles (or equal-sided) triangle, many leaves, and most of the 
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so-called irregular flowers. The two halves, conveniently termed 
right and left, are not exact counterparts, but are what has been 
termed mirror-images. That is to say, if one half be placed with 
its cut surface against a mirror its reflection will correspond to 
the missing half. But bilateral symmetry in an animal involves 
more than a distinction between right and left, it means also, 
or the terms right and left could not be properly used, a dis- 
tinction between front (anterior) and back (posterior) ends. Not 
only so, but we further perceive that an upper (dorsal) surface 
can be recognized as distinct from an under (ventral) surface. 
These points come out somewhat more clearly in lower animals 



Fig I —Cod fish [Oadus monhuaS 

The p»*lvic fiiw are seen under the and » pectoral fin on side of body above them 


than in man. Take, for instance, a fish, say a cod (fig. i). The 
anterior end is clearly the head-end, the end which under ordi- 
nary circumstances goes first, and which, therefore, naturally 
bears the mouth, and is provided with the most important 
sense organs, such as those of smell, sight, and hearing— here 
most conveniently situated, as organs by which the presence of 
food, or it may be of enemies, is mainly perceived. The pos- 
terior or tail end bears in this animal a powerful propeller in 
the form of a fin. We also see marked differences as regards 
the dorsal and ventral surfaces, having an obvious relation to 
the needs of the animal. These differences are partly of form 
and partly of colour. Nothing need here be said on the former 
head, but as to the latter we note that the dorsal surface is dark 
while the ventral is pale, an arrangement which, as will be fully 
explained elsewhere, makes the animal match its surroundings 
much better than would otherwise be the case. Bilateral sym- 
metry, therefore, is essentially a distinction between right and left, 
anterior and posterior, dorsal and ventral. It may be taken as an 
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expression of the fact that the external influences which act upon 
the body are different in different directions, find we must seek in 
this fact an explanation of the origin of such symmetry. Were 
external influences the same in all directions we might expect the 
body to be spherical, but as this 
obviously can rarely or never be the 
case, we are prepared for the fact that 
absolutely spherical animals scarcely 
exist. In certain fixed forms, how- 
ever, as coral polypes (fig. 2) and the 
like, we do get radial or star-like 
symmetry, where there is a distinc- 
tion between upper and lower, but 
none between right and left, or pos- 
terior and anterior. In such a case 
the paiL of the animal facing up- 
wards is exposed to the light, while 
the part facing downwards is shaded. 

All parts of the margin, however, 
are, on the whole, liable to be acted 
on in much the same kind of way — by light and other external 
influences. 

Limbs. — We further notice, as regards a fish, that, in addition 
to the unpaired expansions or fins, which project from the middle 
line of the body, there are four paired fins, which may with pro- 
priety be termed limbs, i.e. a pair of anterior 01 pectoral fins and 
a pair of posterior or pelvic fins. These are all unjointed, 
paddle-shaped expansions, with quite continuous margins. Let 
us now turn to the Frog, which begins life as a fish-like tadpole. 
Fixing our attention upon an individual which is beginning to turn 
into a frog, we shall distinguish all the features which belong to the 
bilateral state; but the limbs, instead of being fin-like, are divided 
transversely into certain regions, and are also provided with digits. 
Both of these features have relation to the semi -terrestrial life 
which the adult is destined to lead. Taking next an adult frog, 
we find the limbs well-developed while the long swimming tail 
which was so conspicuous a feature in the tadpole has entirely 
disappeared. Nevertheless the trunk clearly possesses anterior 
and posterior ends, while the distinction between dark dorsal and 
light ventral surface is equally clear. Suppose the frog now to 



Fig 1 - Ked Coral \Lot allium ruhrutu) niag 
nified A, Polypcb, i» and c, Embryos. 
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stand on its hind-iegs in the erect attitude commonly attributed to 
it in illustrated books of fables and the like, and we shall see that 
the anterior and posterior ends of the trunk become upper and 
lower, while the ventral surface faces to the front, and the dorsal 
surface faces, if one may so speak, to the back. A frog thus 
disposed has a comic resemblance to a human being, and the 
reason is clear — the erect attitude in both cases brings about the 
same relati\'e positions of ends and surfaces. 

Let us next examine t!ie two pairs of limbs possessed by Man. 
A very cursory inspection will show that ihi^y are dividtxl into 
similar regions, and this is best expressed in tabular form 


^Interior or Fore Limbs. 

1. L’pper arm. 

2. Forearm. 

3. Hand. 

{a) ribt. 

{jy) I^alm ro^ion. 

Thumb and lour finders. 


Posit rior or Hind Limbs. 

1. Tldgh. 

2 l.o\\cr log. 

3. Foot. 

{a) Ankle. 

(/>) Solo region. 

(r) t lroat Um.^ and lour others. 


STRUCTURE 01< THE HUMAN BODY 

It was long ago pointed out by Huxley that the body, apart 
from the limbs, may ,bc looked upon as a double tubt*. WMu n 
halved longitudinally, and the internal organs removed, this c,in 
be very clearly seen (fig. 3 ), and the same thing is obvious in 
the similarly divided carcasses of .sheep and other animals to lx* 
seen hanging up in a butchers shop. The two tubes may also 
be clearly seen in a cross section. One of them is dorsal, the 
other ventral. The latter forms in the trunk the large cavity 
of the chest and abdomen, being divided into tw'o parts corre- 
sponding to the.se two regions by a partition, the mid-riff or 
<liaphragm, which is partly fleshy, partly fibrous. The thoracic 
part contains the heart, lungs, most of the gullet, and part of 
the large blood-ves.sels; while the abdominal part contains the 
bulk of the digestive organs, the kidneys, and various other struc- 
tures. The dorsal tube in the trunk is comparatively small, and 
consists of a narrow canal running down within the backbone and 
enclosing the spinal marrow. It is continued through the neck, and 
in the head expands greatly into the large cavity of the cranium o»* 
brain-case, in which the brain is situated. The brain and spinal 
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inarrow are continuous with one another. One can scarcely say 
that the ventral cavity is represented at all in the neck or head. 

N.B . — In the following account of the human body it is 
supposed to be placed with the front (ventral) surface directed 
downwards and the back (dorsal) surface directed upwards, as in 
a quadruped. The “ upper ” and “ lower ” parts, commonly so 
called, will be termed anterior and posurior 
respectively, unless the ordinary words 
happen to be specially convenient, as c.g. 
when the arrangement for supporting the 
weight of the body are described. 

The body of a large and complicated 
animal such as a human being requires hard 
parts to serve as a protection to the delicate 
interne) organs, to act as a stiffening or sup- 
jx)rt, and to furnish points of attachment to 
the bands or masses of flesh (muscles) by 
means of which movements are effected. 

Such hard parts constitute the skeleton, 
which may be either external (exoike/eton) 
or internal {endoske/eton\ both being present 
in many animals. In Man the exoske/eton 
is not so well developed as in many other 
cases, but it is present in the form of the 3 uunk m Longu.idmai 

^ ... Sei.tK 1 A, Ventral wall of ihcra\ 

horny outer layer of the skin (epidermis), i^upiragm, c. vcntrai w..ii ..f 

■' ' * r ' abdoHiC' To right of e and u is 

and the hairs and nails which grow out from seen backbone in seriion wnh spin il 
this. Without epidermis the numerous blood- 
vessels in the deeper part of the skin (dermis) would constantlv 
be wounded, while the many nerves there ending would be the* 
source of constant pain. Any bald-headed person can testify 
to the value of hair as a protection from extremes of tem- 
perature and damp, while nails help to protect the sensitive ends 
of the fingers and toes, though this, of course, is not their only or 
even their chief use. 

THE ENDOSKELETON. 

The endoskeleton (figs. 3-7) is built up from bone, gristle 
(cartilage), and tough fibrous material (connective tissue). We 
inay conveniently distinguish between the axial skeleton (support- 
ing the heaijl, neck, and trunk) and the skeleton of the limbs. The 
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former consists of backbone^ skulls ribs, and breast-bone. It will be 
perhaps best to begin with the first of these. 

The Axial Skeleton. 

I. The Backbone, — A glance at the backbone, or, as it is. 
often called, the vertebral column (fig. 4), shows that it is. 

thrown into a series of curves, which converts, 
it into a kind of spring for breaking the shocks 
to which the body is constantly liable, and which 
if transmitted to the brain would often result in 
stunning, or it might be even more serious injury. 
A further obvious fact is that we have not here 
to deal with a single bone, but a large number of 
them, piled on top of one another. Each of these 
vertebrce (fig. 5) is irregular in shape, consisting 
of a bung-shaped body (centrum) and a curved arch 
from which several projections or processes grow 
out. The successive bodies are placed one above 
the other on the ventral side of the backbone, and 
are separated from one another by pads of gristle 
which act as buffers, allowing at Ae same time as 
much flexibility as is consistent with a proper 
degree of firmness. Successive arches are f^urther 
linked together by the overlapping of their pro- 
cesses. It will further be noted that in this way a 
kind of tunnel is formed in which 
the spinal marrow is lodged and 
efficiently protected This is 
essential, for it is an exceedingly 
delicate organ, and any severe 
injury inflicted upon it would 
result either in death or else in 
paralysis of the pans posterior 
to the damaged region. The 
vertebrae differ among them- .pliki (ini* 
selves in size and shape, and are 
divisible into groups belonging to different regions of the body^ 
The first seven, beginning at the head end, are the neck-veriebree, 
and of these the first and second have a special interest (fig. 6). 
The first, or atlas, supports the rounded skull, just as, to compare 



4 — Backbone 
7, 19, a4, a9, 33, I.aflt 
vertebrae of neck chest, 
loin, sacra), and tail re- 
gions , ab, ventral cur 
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gristle between bodies 
of vertebras 



F!g 5 — A Dorsal 
Vertebra 

e, body be, arch dg, pro 



STRUCTURE OF THE HUMAN BODY 


small things with great, the giant Atlas was supposed to bear the 
globe on his shoulders. I'his vertebra presents two shallow cups 
on the side facing the skull, from which project two corresponding 
rounded projections. A hinge-joint is thus constituted, as a result 
of which we are able to nod our heads backwards and forwards. 
Movement from side to side would, however, be restricted by this 
arrangement if it were not for another one which exists to com- 
pensate it. The second vertebra, or axis, bears a firm bony peg, 
which projects through the ring- like atlas towards ® ^ 

its ventral side and forms, 
as its name indicates, a pivot 
round which the head with 
the atlas can turn, too great 
freedom of movement being j., , 

hv firm fibrous ward* a body, cup for reception of octipiul condyle. y; pro- 
preveilLCU uy lirill IIUI UUb ^ position of a hgament. /, spinal canal h, Axis vcrlebra. 

bands or ii^aments which vemral v«.v.a«i-nnr 6nd upward*, of peg. anterior 

o end of body, £^g, processes. 

run from the peg to the 

skull. P'ollowing the neck -vertebrae come twelve rib-bearing 
chest-vertebra:, which form part of the dorsal wall of the chest- 
cavity. Next come five large loin-vertebree, the size of which is 
due to the necessity for a firm support to the very considerable 
weight of the parts of the body coming above them. Still lower 
down this necessity becomes still greater, and the demand is met 
by a complicated basin-shaped mass of bone, pelvis, the numerous 
arch -like curves of which are so arranged as to confer immense 
strength. The pelvis consists of three bones firmly fused together 
in the adult, the dorsal one, which alone belongs to the backbone, 
being the sacrum, made up of five broad flat sacral vertebrae 
immovably fused together. The last section of the backbone is 
a small curved structure termed the coccyx (Gk. for cuckoo), so 
named from its supposed resemblance to a cuckoos beak, and 
resulting from the intimate union of four small tail vertebrae. It is 
chiefly interesting as being the useless representative of the tail, 
which is such a useful appendage in many of the lower forms. 

2. The SkulL — The hard parts of the head together con- 
stitute the skull (see fig. 7), which consists of a brain-case, of 
relatively enormous size in Man, and the bony framework of the 
face. The brain-case is made up of a number of flat bones, 
firmly united by interlocking edges and also in part by over- 
lapping surfaces, the net result being an arched box of very 
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threat resistini,^ power — a very necessary arrangement, since the 
contained brain, the most important organ in the whole body, is 
soft and pulpy. A further point of interest is found in the fact 
that the skull-bones possess three layers, a 
compact outer layer, a spongy middle layer, 
and a compact inner layer. Here again is 
another arrangement for bieaking shocks. 

As previously stated, the spinal marrow 
is continuous with the brain, and this con 
tinuity is rendered possibk* by the presence 
of a round hole {^foramen ))iaotiuin\ in the* 
back of the cranium bounded by the occipital 
bone, which is really made up of four bones 
fused together (fig. 7). On each side of this 
hole is a smooth rounded prominence, or 
occipital condyle, which fits into a corre 
sponding cup in the atlas vert(d)ra. bhi* 
presence of two condyles is an important point to notice from 
the classificatory stand-point. 

The skeleton of face (fig. 7) is constituted by numerous boiv'^ 
arranged in a very complicated manner, and including as their 
largest elements the framework of the jaws. The two upper jaw 
l 3 ones are the biggest, and they are firmly united together in the 
middle line, presenting also on the side facing the mouth a curved 
margin carrying the sockets for the upper teeth. Tlie lower j.iw^ 
bone, or mandible, really consists of two firmly-united bones bearing 
the .sockets for the lower teeth. It is united with the main skull 
by a hinge -joint, formed by two rounded projections (condyles) of 
the mandible, which fit into corresponding pits above. This joint 
varies in character in different animals in accordance with the kind 
of movement which the lower jaw has to execute, and this again 
depends upon the nature of the food and the manner of feeding. 
In a flesh-eating animal, such as the cat, the condyles are trans- 
versely elongated, so as to give a very perfect hinge-joint, onh 
permitting a series of snaps. Anyone who has watched a cat or 
dog feeding is familiar with the kind of action indicated A large 
number of familiar animals, such as rat, mouse, squirrel, and rabbit, 
constantly gnaw various things with their chisel-shaped front teeth, 
and in them the condyles are elongated from before backwards, 
allowing of a corresponding movement Those forms again which 
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“ chew the cud ”, cow, sheep, goat, are obliged to move their 
ja^s from side to side, a kind of movement which is rendered 
possible by flattish condyles. In human beings the lower jaw can 
be moved in all three ways, and the condyles are not only convex 
from side to side, and from before backwards, but are set on 
obliquely, an arrangement which permits all varieties of move- 
ment 

The skeleton of the face is also reckoned to include another ' 
loose bone, the hyoid (so named from its resemblance to the 
Greek letter Ypsilon, Y, corresponding to our U), which supports 
the root of the tongue, and keeps the top of the windpipe open. 

It possesses two pairs of horn-like projections, and is interesting 
as representing what is a very elaborate apparatus in such lower 
forms as fishes. 

In the skeleton of the face there are also properly included 
the minute bones or ossicles which belong to the organs of 
hearing, and regarding which more will be said elsewhere. 

3. The RibSy and 4. The Breast-bone , — The ribs and breast- 
bone (sternum) complete the axial endoskeleton. These, with 
the thoracic part of the backbone, form a firm framework b) 
which the heart, lungs, and other delicate structures contained in 
the chest are protected from injury. There are twelve pairs of 
ribs, jointed on to the backbone dorsally, and, except the two 
last pairs, connected by pieces of gristle (costal cartilages) with 
the breast-bone. 

Skeleton of the Limbs. — Turning to the skeleton of the 
limbs (see p. 196), we find that, both as regards the arm and leg. 
we can distinguish between (a) a firm bony girdle by which the 
base of the limb is connected with the trunk, and (^) the hard 
parts within the free or movable portion of the limb. In the 
case of the arm we have a shoulder-girdle consisting of two 
bones, the broad triangular shoulder-blade (scapula), placed 
dorsally and firmly bound by muscles to the trunk skeleton, and 
the collar-bone (clavicle), which runs across from scapula to 
sternum. One corner of the triangular scapula is provided with 
a shallow cup, the glenoid cavity^ ’nto which the rounded end 
of the upper-arm bone fits so as to form a ball-and-socket joint, 
which allows of very free movement It is important to notice 
a bony projection which overhangs the glenoid cavity, and which, 
from a supposed resemblance to the beak of a raven (Gk. korax. 



30 


CLASSIFICATION 


a raven), has been named the coracoid process. Here again we 
have a vestige of what is an important structure elsewhere, repre- 
senting as it does the coracoid bone, which, in such a creature 
as a bird, is as large as the scapula and quite distinct from it. 

I. Ann. — The arm itself is supported by a number of bones, 
many of which belong to the class of long bones, and of which 
we may take the humerus^ or upper-arm bone, as a typical example. 
This consists of a hollow marrow-containing shaft, and swollen 
extremities presenting smooth gristle-covered surfaces well adapted 
for entering into the formation of joints. The shaft is a good 
example of the mechanical device of the hollow column, presenting 
the advantages of lightness and economy of material without loss 
of strength. The thickened ends are made for the mpst part of 
spongy bone, consisting of layers arranged in such a way as to 
combine great strength with lightness, while at the same time the 
transmission of shocks is very largely hindered. As already 
mentioned, the upf>er end of the humerus helps to form the 
ball-and-socket-like shoulder-joint At its lower end is a pulley- 
shaped surface, which, in combination with the two long bones of 
the forearm, gives the hinge-like character to the elbow-joint 
These bones are known as the radius and ulna, tl^e former being 
on the thumb-side, and the latter on the little finger side. The 
upper end of the .ulna is large, projecting behind the elbow as 
what is popularly called the “ funny bone ”, but is in reality not 
a separate bone at all. The lower end of the ulna is comparatively 
small. Exactly the reverse is true of the radius, which is small at 
its upper end, but Urge at its lower end, where it has to support 
the hand. And here we find a point of great interest The fore- 
arm is capable, as is known to everyone, of a rotatory movement 
whereby the hand can be turned with its back upwards, the 
position of pronation, as contrasted with the position of supination, 
in which the palm is upwards. In the latter position the ulna and 
radius are parallel, but in the former the radius, carrying with it 
the hand, crosses obliquely over the ulna. Such an arrangement 
obviously adds vastly to the use of the hand and arm, and is 
absent in those animals where the fore-limbs are used mainly for 
locomotor purposes. 

The wrist is supported by eight small irregular bones, arranged 
so as to combine strength with flexibility, as well as to break the 
shocks to which the hand is especially liable. They are succeeded 
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1 . pAnclal 

2. Krontdl bone. 

3. Tuiu|3oral bone. 

4. ^ bit. 

5. Side of occipital l>oiie. 

6. ^^allr, or cheek-bone. 

7. Nasal bone. 

8. Upper jaw- Iwne. 

9. Lower jaw. 

10. I'\mr lower neck (cervical) Vertebra. 

11. Two uppei chest (tlioiacic) Vertebrne 

12. Tw<i lowest chest (thoracic) Vertcbr.e 

13. Ia>in (luniljar) Vertebra’. 

14. Sacrum. 

15. Coccyx. 

16. KiU. 

17. Brcasl-bonc (Sternum). 


18. .Shoulder-blade (Scapula) ) Shoulder 

19. Collar-ljone (Clavicle) 1 Girdle. 

20. Humerus. 

21. Radius. 

22. Ulna. 

23. Wrist-bones (Carpus). 

24. Palm-bones (Metacarpus). 

25. Finger-bones (Phalanges). 

26 Hip-hmesr Hip Girdle. 

27. Thigh-l)one (Femur). 

2S. Knee cap ( PatclLi). 

29. Shin-lwnc (Tibia). 

30. Clasp bone (Fibula). 

31. Ankle-bones (Tarsus). 

32. Instep l>«)ne5 (Melatarsui) 

33. Tt)<.-Iame5 (Phalanges). 


2 




THE HUMAN SKELETON 


STRUCTURE OF THE HUMAN BODY 31 

by five elongated bones, which support the palm, and from their 
shape are classed with the long bones. Fourteen small phalanges 
of similar shape complete the skeleton of the hand, each finger 
possessing three, while the thumb has only two. Each end- 
phalanx is broadened out and roughened at its tip to afford a 
•support to a nail. 

Two further points of iiiterest deserve mention in regard to 
the hand. One is the unequal lengths of the digits (or fingers), 
a device which renders them much more efficient in delicate 
manipulations, enabling their tips to be brought together with 
great ease. The other point is the opposability of the thumb, 
i.e. it can he bent over so as to directly oppose any one of the 
fingers. How importiint a matter this is may be realized by 
trying to pick up a small object, say a pin, by means of the 
fingers alone. The arrangement Is rendered possible by the 
peculiai nature of the joint between the base of the thumb and 
the wrist The opposing surfaces are here saddle-shaped, allow- 
ing a much larger range of movement than any other combination 
of curves. The same kind of jointing is found in a birds neck, 
which is well known to be exceedingly flexible. 

2. The Leg . — Here we find in the first place a hip-girdle, 
•comparable to the .shoulder-girdle of the upper limb. But the 
necessity for supporting the very considerable weight of the 
body has in this case brought about an intimate union with the 
■skeleton of the trunk, and the twm girdles are firmly united with 
one another and with the sacrum to form the basin-like pelvis 
mentioned above (see p. 27) Each girdle is constituted by an 
irregular hip-bone, consisting of three elements fused together, 
and corresponding to what in many animals are clearly to be 
distinguished as three separate bones. Tiie pelvis is arched so 
as the better to support the weight of the body transmitted to it, 
and thence to the thigh-bones, by means of the sacrum, which 
may be compared to the keystone of the arch. A further use 
•of the pelvis is to protect certain delicate internal organs placed 
"within its cavity. 

On the outer side of each 1 *p-bone is a deep cup for re- 
ceiving the globular upper end of the large femur, or thigh-bone, 
which is comparable to the humerus in the upper arm. The joint 
at the thigh, like that at the shoulder, is of the ball-and-socket 
kind, but here greater firmness is necessary, and consequently less 
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freedom of movement is permitted, the cup being much deeper 
and the union by fibrous bands more intimate. 

The lower end of the femur helps to form the hinge -like 
knee-joint in conjunction with the shin-bone (fzi/a) of the lower 
leg, which corresponds to the radius in the forearm. The front 
of this joint is protected by a round and somewhat flattened 
bone, the patella or knee-pan. There is nothing corresponding 
to this in the elbow. 

The chief tone of the lower leg is the tibia \ but there is 
also a second much slenderer one, the fibula, corresj)onding to 
the ulna in the forearm, but not helping to form the knee- 
joint Just as the wrist is supported by a numlxT of irregular 
bones, so is the ankle, but as thesci have to support the weight 
of the body they are relatively' much larger and stronger. 
Following them come five sole -bones, corresponding to palm- 
tones; while the toes, like the fingers, are completed by fourtecMi 
phalanges, which, however, are relatively short. The great toe 
is not opposable and is very much larger than the oth(‘rs, since 
it plays an important share in supporting the weight of the 
body. It may be remarked that the skeleton of the foot pre- 
sents an arch from before backwards, and another from side to 
side, an arrangement which comlnnes great strength jA^ith a large 
amount of springiness. The weight of the body falls mainly on 
the heel, toes, and oirter side of the foot 

NUTRITION. 

The tody is constantly undergoing waste, ami also, in the 
earlier part of life, increasing in volume, or growing. This waste 
must be counterbalanced and materials for growth provided: 
hence the necessity fo^ food, which may be compared to the 
materials used for repa ing a machine and, it may be, making 
additions to it. And hist as the original nature of a machine 
determines the material to be employed, so also in the case of 
the body. In other w'ords, if w'e are to understand the nature 
of the food, we must have some knowledge of the composition ol 
the Ixxly. 

Ciiemioal CoMrosniON of the Body. — When the body of 
an animal is acted upon by intense heat most of it is dissipated 
in the form of gas, the comparatively small remainder, or ash, 
consisting of various mineral matters. The gaseous portion, when 
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further analysed, is found to contain the four elements, Carbon, 
Hydrogen, Oxygen, and Nitrogen. It is therefore to lx‘ expected 
that our food should consist in the main of compounds of th(‘ 
same four chemical elements^ and this is actually the case. 
Obviously this must be so for the fleshy part of the food, and 
it is also true for the vegetabh portion. The diffcTcnt kinds 
of food may bt* classified as follows: — 

1. jVib'Oi^cnoits Food, consisting, in ultimate analysis, of carbon, 
hydrogiMi, oxygen, and nitrogen, together with sul|jhur, and in 
some easels phosphorus. Such foods are of exceedingly comjjlex 
I I'jrinical nalur(‘, and may broadly be calked p7'oteids or afbiuuinoidi^'^. 
'I'he last name is t<Lken from albumin, of which white of egg 
may be considered «is a type; while egg-yolk, lean meat, blood, 
gi‘latin, .ind ch(*esc arc* of tht same nature in whole or ]xirl. 
An exai.ipu* noin the v(‘g(‘table kingdom i*; gluUai, the sticky 
constituent of Hour, to which the tenacic'us character of dough 
is clnkdly due. 

2 . N on-nit roo[cnoits Food, as the name indicates, contains no 
nitrogtai. Its various kinds are: — 

Ca?dH)hyd rates, containing carbon, hydrogen, and oxygen, 
and including starch, sugar, gum, &c. 

Hydrocarbons, or fats and oils, consisting of the same 
three elements, arranged, however, in different proportion.s. 

(/■) Mint rat Salts, including compotinds of lime and iron, as 
well as common .salt (sodium chloride). The more (omplicated 
foods enumenited under the preceding headings contain a vary- 
ing amount of such mineral compounds, which have, however, 
t<^ be supplemented in Man and various other animals by com- 
mon salt. The importance of salts of lime becomes apparent 
when we remember that the hard part of bones and teeth 
consists of them. 

{d) Jl'ater, consisting of hydrogen and oxygen, and generally 
containing mineral salts dissolved in it. Water ii; not only taken 
in the form of drink, but also forms an important constituent of 
albuminous, starchy, and fatty foods. 

This complex food, unlike the food of plants, which is entirely 
gaseous or liquid, is largely taken into the body in the form of 

chemical element is a sulMtance which cannot, so far as we know, be resolved into com* 
ponents of different natine. 

* The term albuminoui ii often used in a narrower sense than this. 

VoL. I. 
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solid or semi-solid fragments, hence the necessity for an internal 
digestive cavity, the possession of which is characteristic of a 
higher animal as contrasted with a higher plant. In Man, for 
example, we have a set of digestive organs, the function of 
which is to deal with this crude food and reduce it to such a 
condition that it can be utilized for repair and growth, or, in 
other words, to digest it. 

Digestive Organs — These consist essentially of a long 
dig^tive tube, more briefly termed the gut, into which a numbei 
structures known as digestive glands pour fluids, 
f. The Gut — The gut (figs 8 and 9) is of very unequal 
width in different parts of its course, and, being very much longer 


than the body, is only 
able to pursue a straight 
course from the mouth 



Fig 8 —Section showing Mouth and Nasal 
Cavities, Gullet, Wuidjupe, &c 


a Hard palate 3 to «. soft palate r mu 
cou^ membrane n, caviry of nose /, tongue 
pk pharynx gullet epiglottis w 
windpipe 



i 


Fig 9 — The Gut 

a Gullet be stomach i/ry) small intestine rcmiin 
ing letters indicate parts of large intestine 


to the end of the thorax, while in the abdomen it is largely 
coiled. The mouth, bounded by fleshy lips, leads into the fairly 
large mouth-cavity, marked features of which are the teeth and 
muscular tongue. At the back of tViis cavity is the pharynx, 
communicating with the cavities of the nose and ear; while on 
its floor is an opening, the glottis, leading into the breathing 
organs. The pharynx may be looked upon as the dilated front 
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end of a narrow muscular tube, the gullet, which succeeds it, 
and, running along the neck and through the thorax, pierces the; 
midriff, to become continuous with the large transversely-placed 
stomach, which has thick muscular walls. This in its turn is 
succeeded by a very long thin-walled tube, the small intestine, 
followed by a shorter but broader large intestine, which ultimately 
opens to the exterior. 

The whole of the gut is lined by the mucous membrane, a 
soft reddish skin richly provided with blood-vessels. 

2 . The Teeth (figs. lo and n).- These deserve fufther 
tion, as they piescnt interesting adaptations to the food and 



hg. lo Section cfa Tooth 
Cr , Crown, N. n«clc FF, 
fangs P, puip cavity K, 
enamel D, dentine Cm , 
cement 


mode of feeding, while their number anti 
form furnish important charact(*rs for pur- 
poses of classification. 

All the teeth are imbedded in sockets, 
the imbedded part being the fang, while 
the projecting portion constitutes the 



Tig II K-iiids of I reih 


Ihis H lire bhows ^he eight Ceeth in one ha'f of a j tw 


crown. The greater part of a human tooth is composed of a 
very hard substance, dentine, within which is hollowed out a 
cavity for the sensitive pulp, richly provided with blood-vessels and 
nerves. The fang is covered by a layer of bony material, cement, 
while the crown is invested by an intensely hard substance, the 
enafxu3k It is a matter of common knowledge that there are 
two of teeth, the first or milk set consisting of tw'enty 

teeth, which are replaced by the thirty-two teeth making up 
the permanent set. Beginning with the latter, we find in the 
front 0f the jaws eight chisel-edged Incisors adapted for divid- 
ing food. Outside these are the lour pointed eye-teeth or 
canines, which in such creatures as cats and dogs play an 
important part as weapons and holdfasts. Lastly come the 
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broad - crowned cheek-teeth, twenty in number, of which the 
first eight are known as bicuspids or premolars, while the 
remainder are called molars. All this may be expressed by a 
dental formula as follows : — 


; 2 2 ,_I-I 2-2 

22 2 - 2 * 


7n. = ^ c= 22. 

3-3 


[i. = incisor, c. = canine, />.w. = premolar, = molar.] 


Each fraction corresponds to one kind of teeth, the numerator 
representing upper and the denominator lower ones, while the 
dashes above and below mark the distinction between teeth on 
the right and left side. Since these structures are symmetrically 
arranged it is only necessary to represent those of one side, and 
so it is convenient to shorten the formula to — 


2 . 1 . 2 ^ 
2 . I . 2 . 3 


X 2 = 32. 


In the first or milk set the incisors, canines, and premolars are 
represented respectively by milk incisors, milk canines, and milk 

molars, while the molars of the per- 
manent set have no predecessors. 



hiv; ij 1 he S. 1 I 1 vary C Linds 
I 1 ', 1 irolid $m, sub in isillary / is 
( li( cd Lk.Iow ilic lu«.t of the piroiid. 



I, - Rel uions of the Stomach to the I ivcr, 
Pancri. t-,, ana bpLcii 

Stomach r/, small iniestine i,li\tr <,,?»ll- 
bladdcr, /, placed to left ol bde-duct h, t, pancrcis, 
t/, Nplreii 7 , placed below blood vessels of spleen , 
a and «, blood vessels 


3. Digestive Glands (figs. 12 and 13). — These elabonite or 
secrete different fluids, which act chemically upon the food. 
Opcaiing into the mouth-cavity are three pairs of soft masses, the 
^alii'ary glands, which secrete the .spittle or saliva. One pair is 
placed in front of the ear (parotid), and it is these structures which 
swell up and become painful in cases of mumps. A second pair 
(sub-maxillary) are placed between the halves of the lower jaw. 
while the third and much smaller pair (sub -lingual) are imbedded 
in the deeper part of the tongue. 
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Other very important organs of the kind) the peptic or gastric 
glands, are found as innumerable minute branching tubes opening 
into the stomach, in the lining of which they are imbedded. The 
fluid secreted by these glands is the gastric juice. 

The liver, which is the largest organ of the body, is, among 
other things, a digestive gland. It is a bulky reddish-brown mass 
placed in the upper part of the abdominal cavity, and its secretion, 
the bile or gall, passes into the beginning of the small intestine 
through a small thick-walled tube, the bile-duct. Connected with 
this is a pear-shaped Img, the gall-bladder, in which bile can be 
temporarily stored up. 

The last digestive gland of importance Is the pancreas, popu- 
larly known as the sweetbread, which lies in the first loop made 
by the small intestine, and pours its secretion, the pancreatic juice, 
through a short tube into the bile-duct. 

ProceSvS of Dk^estion. — The process of Digestion essentially 
consists in the conversion of food into a dissolved or else a very 
finely-divided state. It is effected partly in a mechanical, partly 
in «a chemical manner. 

1. Mechanical Digestion.— -As regards mechanical digestion 
an important part is played by the teeth, which reduce the food 
to small fragments, this being rendered more easy by the pouring 
out of saliva, which acts as a moistening and softening agent 
The muscular tongue and cheeks are also of importance here, 
because they help to keep the fragments between the grinding 
teeth. In gullet, stomach, and intestines a further division is 
brought about as the result of a squeezing action exerted by the 
muscl(‘-containing walls of these organs. 

2. Chemical digestion is even more important Within the 
stomach abundant gastric juice is poured on to the digesting food 
and acts more particularly upon the albuminoids, converting some 
of them into a soluble form known as peptone. 

The saliva is concerned with starchy foods, which it converts 
into a kind of sugar. 

Chemical digestion is completed in the small intestine by the 
bile and pancreatic juice. The latter finishes the work on the 
starchy and albuminous matters beinm by saliva and gastric juice, 
besides which it acts on fats, converting them into a milky state or 
emulsion, where minute globules of the fat are suspended in fluid. 
The bile helps in the digestion of fats, and is of importance in 
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several other ways, e.g, it prevents the digesting food from be- 
coming putrid. 

The digested foods are now absorbed into the minute blood- 
vessels which branch in the mucous membrane, the digested fats, 
however, passing into other minute tubes called lacteals, which 
Ultimately communicate with the blood-system. It must, of cours(^ 
be understood that blood-vessels and lacteals do not open into the 
cavity of the gut, but the digested materials, .so to speak, soak 
into them. Those parts of the food which are not digested pass 
out of the body altogether. 

ClKCUr.ATOKY ORC'.ANS 

Branching elaborately within the body, and siauling its 
twigs into almost all its difierent parts, is a closed set (jf tubes 
constituting the blood-s\.',tem. Propelled by the heart or (isUral 
pump the red iKiid known as blood is constantl) circulated 
through this s\stem. Supplementary to the blood-system we 
have a set of sj)aces and tubes (of w^hich the lacteals mentioned 
above form a part) making up the lymph-sysUaii. This contains 
a pale fluid, tlie lymph, which it pours into certain of the great 
blood-tubes. The two fluids, blood and l)mph, especially th(‘ 
former, may be regarded as a sort of medium of exchange as 
regards the various parts of the body. Cc*rtain thiny^ arc* taken 
out of them to meet local rcc]uirements, and cc‘rtain other things 
pass into them. 

Speaking more precisely, the functions of thci circulatory 
system arc as follows: (i) It distributes the digestcxl food, i.i\ 
the materials for repairing waste and providing for growth; 
(2) It removes waste matters from all parts of the body, and carries 
these to organs which can get rid of them; (3) It carries oxygen 
to promote this waste; and (4) It distributes heat and ciqualizes 
the temperature of different parts. 

The Blood (figs. 14 and 15). — When examined under the com- 
pound microscope a drop of blood is found to consist of colourless 
liquid (plasma) in which float A vast number of minute bodies, the 
blood- corpuscles. These are of two kinds — red, and colourless or 
white. The former are biconcave discs not more than V3200 of an 
inch in diameter, and they owe their colour to the presence of a 
peculiar pigment (h<emoglobin) that, as we shall presently see, 
is of great importance in respiration. The white or colourless 
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corpuscles are less numerous but somewhat larger ( of an 
inch in diameter), and possess the power of spontaneous movement 
by thrusting out lobes of the semi-fluid substance (protoplasm) 
which composes them. They are thus enabled to slowly crawl, 
as it were, along the walls of the blood- ve.ssels. In the middle 



Fig 14 - A Drop of Ulood, seen iiiHler iiurroxropo inaqmfy- 
ing by <50 diaiTKtcrs 

a and icd corpuscles t, while corpu'.v.lc 


of each such colourless 
orpuscle is a particle of 
somewhat different chemi- 
cal nature, the nucleus, 
and this is probably to be 
regarded as a modifi- 
cation of the substance 
composing the rest of 
the corpuscle. No such 



Fig 15 - White Blood Corpiic».le Its suc- 
cessive cliangcs of shape 


particle can be discerned in a human red corpuscle, which is 
therefore said to be non-nucleated, a character which happens 
to be one of classificatory importance. 

The Heart and I^lood-Svstem. — This very complicated 
organ is in principle a force-pump possessing an internal set of 
valves which only permit fluid to pass in certain dire ctions. The 
blood-vessels which carry blood to it are veins, while those which 
carry it away are arteries. To understand the heart’s action it 
is necessary to consider the simplest case, that of a heart with 
only one chamber or cavity (fig. t6).# We may represent such 
a heart by an india-rubber syringe with a tube at each end, one 
for carrying fluid in and the other for carrying it out. There 
must also be, at least at one end, an internal valve consisting 
of a flap which readily permits fluid to pass in one direction 
but resists its passage in the other. In such a simple model 
the central swelling will represent the heart, while the tube 
conveying fluid into it will play the part of a vein, and the 
other tube the part of an artery. Propulsion of fluid will be 
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Ijrought about by squeezing with the hand. An actual heart 
requires, of course, no squeezing from outside, its walls moving in 
such a way that the internal cavity is alternately diminished and 
increased in size. This is due to the fact that its substance is 
made up of slender muscular fibres arranged in a very complicated 

fashion. Each fibre 
possesses the power 
of contraction, i.e, it is 
able to shorten itself, 
becoming at the same 
time thicker. It is 
clear, therefore, that 
if a large number of 
such fibres arranged 
transversely and ob- 

Fig i6 — Diigrammatic Heart’s a, One chambered, B, two^hambered «• i i 

Iiquely to make up 

the wall of a hollow structure contract at the same time, the result 
will be that the contained cavity becomes smaller, regaining its 
original size when the fibres again relax. This is what happens in 
the case of a heart, enabling it to do pumping work. 

An advance upon the simple one-chambered heart as just 
described is found in such a case as the common garden snail, 
where there are two chambers (fig. i6), one a thifr- walled aurHcle, 
receiving blood from the vein, and squeez- 
ing it on into a thick -walled ventricle, 
which does the pumping work. 

The heart of a human being, however, 
has two .sets of pumping work to do — (i) it 
forces pure blood all over the body, and 
(2) it drives impure blood to the lungs for 
purification. It is therefore not surprising 
that in such a heart there are four cham- 
KAand, A, Kjghundiefiauruies. |^j.s, Hght and left aunclcs, and right and 

k V and i v, nght and left >entnclcs. » r» ' O 

left ventricles, dispo.sed as shown in the 
accompanying diagram (fig. 17). The right side of the heart 
contains only impure blood which it receives from the great veins, 
which open into the right auricle. This chamber passes the 
blood on to the right ventricle, which pumps it through a large 
vessel (pulmonary artery) to the lungs. These purify the blood, 
and from them it is conducted through pulmonary veins to the left 



17.— Diagrain Ilf \iiricles and 
Veiilru les 





STRUCTURE OF THE HUMAN BODY 


41 


auricle, from which it enters the left ventricle in order to he 
pumped through a great artery to the body at large. This 
artery is known as the aoj^ta (Gk. acird, 1 carry), and it is 
characteristic for the group of animals to which Man belongs, 
t.e. the Mammalia, that the curved part or arch with which the 
aorta begins should turn to the left. In a Bird it would be found 
curving round to the right. 

If the aorta be traced, its arch will be found to give off large 
branches to the anterior part of the body, after which it bends into 
the middle line, and (as the dorsal aorta) runs just ventral to the 
backbone, supplying the parts it passes, and ending posteriorly by 
forking into two great vessels for the lower limbs. Any branch 
artery farther traced will be found to divide, tree-like, into smaller 
and smaller twigs, which at last pass into a close net-work of 
excessively minute thin-walled tubes, the capillaries. The same 
thing will be observed on tracing the pulmonary artery. It may, 
in he said that almost all parts of the body are traversed by 
a dense net-work of capillaries, and from these the smallest veins 
arise, uniting, river-like, into larger and larger trunks till the great 
veins opening into the heart are constituted. We may therefore 
say that the heart and blood-vessels form a closed set of tubes, 
as the capillaries intervene between the smallest arteries and the 
smallest veins. 'Fhis may be clearly seen in the web of a frogs foot. 

Capillaries are of enormous importance, because their thin 
walls permit exchanges between the blood they contain and the 
boily-substance they traverse. 

The veins of the stomach, intestine, and certain other parts 
unite into a large portal vein, which enters the liver, and there 
divides up into smaller and smaller branches. The blood in this 
v(*in contains most of the digested food which has been absorbed 
from the gut, and the object of passing it through the liver is 
to let that organ take up some of these products, and store them 
for distribution as needed. The impure blood from the liver itself 
is poured by several blood-vessels into one of the great veins 
running to the right auricle. The arrangement just described for 
supplying the liver with impure blood, in addition to the pure 
blood which it gets from a branch of the aorta, is called the portal 
circulation. 

Tiik Lvmpu- System. -The circulatory organs include a 
Jymph-system as well as a blood-system. The lyviph is a clear, 



4 * 


CLASSIFICATION 


colourless fluid, consisting of plasma and colourless corpuscles. 
It is contained in the large internal cavities of the body, in 
minute crevices which exist in the substance of the various, 
organs, and in delicate lympfiatu vessels which ramify in most 



Fig i8 —The Thoracic Duel and Lymphatic Vcsbcls 31a The duet, ope nng into great %'‘uis at 3. 

parts of the body. Those of the intestines arc termed lactealsy 
and receive the digested fats. Most of the lymphatics ulti- 
mately open into the thoracic duct (fig. 1 8 ), a narrow tube 
lying ventral to the backbone, and opening on the left-hand side 
into the great veins at the base of the neck. In this way the 
blood receives the digested fats, and a constant supply o£ 
colourless corpuscles. 
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The so-called ductless glands are related to the lymph-system. 
The largest of them is the dark -red milt or spleen (fig. 13), 
situated close to the stomach. It has to do with the destruction 
of worn-out red corpuscles. The thyroid 
gland is closely applied to the ventral side 
of the larynx, and is notorious as the organ 
which swells up in cases of Derbyshire neck 
(goitre). It has been proved to be of impor- 
tance in regulating the nutrition of the body. 

'rhe thymus gland is a fatty-looking mass 
wrapped round the base of the heart, and 
much larger in infants than in adults. In 
the early stages of life it is one of the chief 
sources of colourless corpuscles. 

Lymphatic glands arc little swellings 
placed here and there in the course of lym- 
pliaLies (fig. 19). New colourless corpuscles 
are constantly being formed in them. 

WASTE-REMOVING ORGANS 

The living substance making up the body 
of an animal is constantly undergoing a 
process of change, whereby it breaks down 
into simpler compourds. We have, in fact, 
two sets of chemical changes constantly going 
on within the body: — 

(^7) A scries of upbuilding or constructive 
processes whereby the food is gradually converted, step by step, 
into the substances which constitute the body, and of which the 
most complex is the living material known as protoplasm. This 
series of chemical changes is comprised under the head of 
assimilation (L. adsimilo, I make like), i.e. processes whereby the 
body makes the material taken in as food into fresh substance 
like itself. Assimilation is most naturally dealt with under the 
head of Nutrition. 

(b) The other set of chemical changes within the body are 
destructive in nature, involving the down-breaking of material, 
partly of protoplasm itself, and partly of other less complex 
compounds. These changes have been called local death ”, and 



hig 19 — T )nii>hatics of tl>e 
Arm and Arm pit 

Glands .It thr Inner side of the 
elboiv, a I in the arm pit,( cr, on 
the chest in front of the arm pit, 
d above the collar bone and com 
municating with the a m pit, t/ 
point to lymphatic vessels form 
lug an arch round the hand Tlie 
lark lines are lymphatic vessels. 
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are absolutely essential to life, for without them life would be 
impossible. Every manifestation of vitality by an oroanism, such 
as movement, production of digestive or other secretions, sen- 
sations, and mental operations, involve the breaking down or 
waste of material, without which the necessary energy woukJ not 
be available. Broadly speaking, energy is the power of doing 
work, and a distinction is drawn between potential or stored 
energy and actual or kinetic energy. Complex chcMiilcal sub- 
stances, such as high e.xplosives, represent a store of energy, and 

when th("se break 
down into simpler 
substances, /.<•. f‘\- 

plode, a large amount 
of actUcii energy is 
lilx^rated, which, in 
the case of the ex- 
plosives alluded to, 
can be made to <lo various kinds of useful work. Protoplasm and 
the other complex body -substances are, so to speak, of explosive 
nature. The final results of these down -breaking ch.inges are 
waste products, which have to be eliminated or excreted from 
the system. The accompanying diagram (fig. 20) ilhistrates the 
matter. It represents a double staircise, with a shorter jt^ct nding 
stair on the left, and a longer descendijig stair on the right. P(kk 1 
is represented as being oil the level of the lowest step cT the left- 
hand stair, the successive steps of which represent the stage's by 
which more and more complex suKsUinces are built, till the' most 
complex of all, protoplasm, is produced. The breaking down of 
this into simpler and simpler substances is repre.sentetl b\^ the 
successive steps of the descending stair, at the bottom of w liich 
are the waste products. T'hesc are represented at a lower lev(‘l 
than the food, Ixicause they arc of simpler chemical ccmstitutlon. 
They are mainly— water (H2O), carbonic acid gas (COj), and 
compounds of nitrogen. 

The organs which get rid of waste are (1) skin, (2) lungs, 
(3) kidneys, and (4) liver. 

I. The Skin, among its other functions, eliminates a large 
amount of water and small quantities of the other kinds of waste, 
here constituting the excretion called sweat or perspiration. 
Imbedded in it are innumerable sweat-glands, in the form of 
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niinute coiled tubes, each opening by a very small pore on the 
surface. The coiled part of each such gland is sunk deeply in the 
dermis, and is surrounded by capillary blood-vessels, from the blood 
contained in which the materials making up sweat are separated. 

2. The Lungs (fig. 21) are two spongy bodies contained in the 
thorax^ and their function as breathing or respiratory organs is 
twofold — (i) to excrete or get rid of the waste carbonic acid gas, 
together with a large quantity 
of water, and (2) to supply the 
blood with free oxygen, which 
is necessary as the agent by 
which the waste constantly 
going on in the body is ren- 
dered possible. This waste <s 
in fact a process of oxidation, 
t.e. a conversion of proU^pLism, 

&c., into ‘’mpler bodies con- 
taining a larger proportion of 
oxygen. The lungs are si>ongy 
in character because they are 
made up of innumerable little 
air -tubes, ending blindly in 
groups of minute air-s;ics, with 
walls invested by a close net- 
work of capillaries, the blood 
contained in which is so near to 
the air in the air-cells that an exchange of materials is possible. 
On the one hand, a large amount of the carbc^nic acid gas with 
winch the impure blood is highly charged is able to diffuse into 
the air-siics, from which, on the other hand, the oxygen of the 
air is able to diffuse into the blood. The hicmoglobin of the red 
corpuscles plays an important part as an oxygen-carrier, taking 
it up from tlv^ air in the lungs and readily parting with it to the 
substance of the body. A large amount of water in the form 
of vapour also diffuses out of the blood into the air-sacs. As 
a result of this, the air breathed out contains far more carbonic 
acid gas and water- vapour, but much less oxygen, than the air 
breathed in. This exchange of gases con dtutes the essential part 
of breathing; but the mechanical part has also to be considered, 
i.e, the arrangements by which the air -passages of the lungs 
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arc continually provided with fresh pure air, and get rid of impure 
air. Without going into unnecessary detail, it may be pointed out 
that the walls of the chest are movable, so that the size of that 
region is alternately increased (when air is breathed in) and 
diminished (when air is breathed out). During the former process, 
the breast-bone and ribs are moved on the joints by which the 
latter are hinged to the backbone, in such a way as to increase 
the volume of the chest from side to side and from front to 
back. The general nature of these movements can be easily 
noted by the reader in himself. At the same time the muscular 
midriff or diaphragm, which separates the chest from the abdomen, 
and in a state of rest is convex towards the former, flattens out 
as a result of its own contraction, and thus increases the si/c of 
the chest in the direction of its length. As the thorax is, so to 
speak, an air-tight box, the contained lungs are obliged to expand 
as it increases in volume, the result being that air passes into their 
larger air-passages. The reverse process to the one (l(\scribed, 
whereby diminution of volume is effected, is largely due to 
the ekisticity of the thoracic walls, while at the time the dia- 
phragm ceases to contract, and resumes its normal curved shape. 
Air consequently passes out from the larger aii -passages. Purifi- 
cation of the air contained in the smaller air-passages (bronchial 
tubes) and their blind endings is brought about, by diffusion. A 
few words are necessary on the direction taken by the air. The 
proper course for this (fig. 8) is through the nostrils, into the 
nasal cavities, and thence by a special aperture (posterior nares) 
into the pharynx, on the floor of which is a slit-like opening, 
the glottis, leading into the windpipe. Of course breathing 
can also be effected through the mouth, but the primary use 
of this is as a food-passage. 

In front of the glottis there is an clastic flap, the epiglottis 
(fig. 8), which, when food is swalloWed, folds back over the 
glottis and forms a .sort of bridge to the gullet. The wind- 
pipe (trachea), into which the glottis leads, is a good-sized 
tube (fig. 22 ), with its walls .stiffened by hoop-like pieces of 
gristle and so prevented from collapse. It can easily be felt 
in the front of the neck, from which it runs into the thorax, 
there bifurcating into a bronchus for each of the lungs. Either 
bronchus when traced is found to divide repeatedly to form 
smaller and smaller air-passages, the smallest of which end, as 
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already described, in delicate air-sacs. The advantage of this 
arrangement is to provide a very large surface over whicli the 
blood can be purified without taking up a large amount of room. 

It is interesting to notice that the lungs are developed as 
•outgrowths from the pharynx, which are at first simple pouches, 
but gradually become more complicated. 

The organ of voice falls to be mentioned here, since it 
is intimately as- 
sociated with the 
air-passages. The 
beginning of the 
windpipe is di- 
lated into a voice- 
box or larynxif\g^. 

22), supported by 
various pieces of 
gristle, of which 
the largest (thy- 
roid cartilage) 
can be felt in the 
swelling known as / 

“ Adam’s apple | 

Projecting into 
the cavity of the 
larynx are two 

Fig 72 .— The Larynx and narrow elastic 

cushions with \ 

sharp eclgCS, fig .3 -The Situalion of Ihe Kidneys 

anhh^ parts of thyroid. Ii, hyoid which Can bc aorta, v, vena tav.a Madder, w, ureters 

hone, e, epiglottis , w, windpipe; 1 l 1 Branches ol ihc aorta arc seen goit / to the kidney, and 

B M, tn-onchi. urOUgut paral- Vtms from tt are shown joining the v m cava. 

lel to one an- 
other by appropriate mu.scles. If, when this has been done, air is sharply breathed 
in or out, a musical note results, and the cushions in question, commonly but rather 
inappropriately called the vocal chords, can be stretched to different extents, so 
that the resulting note varies in pitch, a low note being produced when they are 
slackened, and the opposite when they are pulled tight Vowel sounds of various 
kinds are produced by altering the shape of the mouth-cavity through which 
the air breathed out is passed, while consonants result from momentarily blocking 
the air-current in different ways. The entire mechanism is extremely complicated, 
and this is not the place to describe it more fully. 

3. The Kidneys. — The kidneys are generally described as the 
excretory organs par excellence, the useless matter here being 
nitrogenous waste and mineral salts dissolved in a large bulk 
of water. They are two characteristically-shaped structures 
placed in the abdominal cavity (fig. 23) close to the ventral 
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side of the backbone, and from each of them a tube, the 
ureter, conducts the products of waste to a j^ood -sized bag, 
the urinary bladder, which is sheltered in the cavity of the 
pelvis and opens to the exterior. 

4. Tuk LiVKR. - Nitrogenous waste is got rid of chiefly by 
the liver and kidneys. The liver, which has already Ix^n de- 
scribed as a digestive gland, is also a waste -eliminating organ, 
for bile is a waste product as well as a digestive juice. 


ORCiANS OF MO\KiMENT. 


I. M uscuLAK A( Ti()N.- -l'he obvious movements of the lx)dy 
are brought about by the massifs of flesh technically known as 
jNHsc/es, which make up a large proportion of its weight. Fhese 
muscles are of various shapes, in accordance with 
^ the differences in their uses: but they all agree in 
l^HMHg composed of vast numbers of microscopic 
fibres which, under the control of the nerves, are 
able to contract, /.c. to shorten, while at the .siimc 
time they become broader. The r(‘sull is, that the 
parts to which the (*nds of an (‘longatcnl muscle are 
]J^ fixed are brought ne;irer together.^ Such a muscle 
^ is generally attached at one (mcl (the origin) to a 
rekwtively fixed part, and at the other (the insertion) 
to a relatively movable part. This is the case, for 
example, with the biceps muscle, easily felt as ,i 
mass of flesh on the front of the forearm (fig. 24). 
Thi'* takes origin from the scapula and is inserted 
into the radius, the result being that when it con- 
tracts, the foreiirm, being the relatively movable 
part, is drawn up. 

Muscles are commonly attached by means ol 
firm fibrous cords, the tendons, an arrangement 
which permits a large number of muscles to be 
attached to a small part, such as a finger-bone, and 
further permits such muscles to act from a considerable distance, 
rhe use of skeletal parts in giving attachment to muscles is 
obvious, and the numerous ridges and projections seen on bones 
are largely related to this function. 

Mu.scle is also important in relation to tlie movements of 
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internal organs, as has already been seen in the case of the 
heart. It also enters into the walls of the blood-vessels, 
serving to regulate their size, and the walls of the food-tube 
are also largely composed of the same substance, which here 
exerts a kind of squeezing action by which the digesting food 
is gradually passed on. The muscle, however, making up the 
flesh of the body is different in structure from that found in 
internal organs, and is termed voluntary, being under the direct 
control of the will; while the muscle of the heart, &c., is in- 


voluntary, because it cannot be regulated in this way. 

2. Ciliary Action. — Movement in the human body is, how- 
ever, not all due to muscular action, but can be brought about 
in two other ways. One of these is ciliary action, of which a 
good example is afforded by the lining of the windpipe. If this 
is examined under a compound microscope it will be found to 
Ije lined with fragments of protoplasm (cells), covered thickly 
with short protoplasmic threads known as cilia (fig. 25). Each 
cilium is able to alternately l>end and straighten 
itself, and when numerous cilia work together, as is 
usually the case, th(‘y are able to move along small 
particles [ilaced ujion the surface th^‘y beset. Their 
action in the case mentioned is to sweep particles 
of dust, &c., towards the exterior, thus keeping 
the ciliated surface clean. The last kind of move- 
ment is the peculiar creeping motion exemplified by the colourless 
corpuscles of blood and lymph (fig. 15). It said to be aniccboid. 

The two kinds of movement just describfxl are much more 
primitive than muscular action, and, as might be expected, 
play a much more leading part in the lower forms of life than 
they do in such a complicated organism as a human being. 



Fig 35.— Cells of Cili- 
ated Epithelium, much 
magnified 


NERVOUS SYSTEM AND SENSE GROANS. 

The jrreat complexity of the body, with its numerous subtly 
interwoven functions, demands some means of controlling and 
correlatins^ these, and of keepinjf the body as a whole in touch 
with the outer world. The me;* ns is found in those organs to 
which the terms nervous system and .sense organs are applied. 

The Nervoi's System.— The nervous system essentially 
consists of certain central organs, which may be regarded as 
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the head-quarters of the life pf the individual; and of numerous 
branching cords, the nerves, which connect up the central organs 
with all parts of the body. The central organs consist of brain 



Fig 26 — Poation of Brain and 
Spinal Cord 


and spinal cord, elaborately sheltered 
within the axial skeleton (fig. 26), and 
of a more subsidiary part lodged in the 
body cavity close against the backbone, 
and known as the sympathetic nervous 
system. 

The Spinal Cord . — It is best to begin 
a consideration of these organs with the 
spinal cord or marrow, a soft cylindrical 
mass contained in the backbone, and 
continuous at one end with the brain, 
while at the other it tapers to a thread. 
This cord is protected by investing mem- 
branes, and in a cross-section (fig. 27) 
presents a somewhat singular appearance, 
due to its being made up of two sorts 
of nervous matter, white and grey, the 
former being external while the latter 
constitutes a sort of core, which in the 
section looks like a couple>- of cres- 



K, Right cerebral hemisphere , B, 27.- Cross section of the Spinal Cord, dorsal side below. Partly 

cerebellum, c, upper end of medulla diagrammatic. Magnified 

oblongata d u, spmal cord with be- 
ginnings of spinal nerves, b f, pro- nc. Groups of nerve-cells in grey matter, remaining capital letters indi- 

ceases of vertebrae, r c h, last verte- cate regions of white matter, s/, a spinal nerve, formed by union of dorsal 

brae of neck, chest, and loin regions; (posterior) and ventral (anterior) roots, pr and ar , g, ganglion on dorsal 


I sacrum. 


root. 


cents placed back to back. A further point of importance 
is the presence of a minute central canal, so that the cord 
can be regarded as a tube with small bore and very thick 
walls, somewhat as is the case with the stem of 'a thermo- 
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meter. The matter is mainly made up of angular or 

star-shaped structures of very small size, each of these being a 
nerve- or ganglion-cell (fig. 28). It is these cells which collec- 
tively make up the essential part of the central organs, while 
the white matter and the nerves consist of an infinite number 
of slender nerve-fibres which have 

a conducting function. To take H n A \ 

an electrical analogy, the nerve- 
cells may be looked upon as 
batteries, while the nerve-fibres 

are comparable to wires. The ^ 

analogy, however, is a very rough V/ "4 

one, for here batteries and wires ^ ^1 J \ \l 

alike are alive, and there does not '' ' H ^ 

appear to be the same coupling Kig ?8 — V'annuit Forms of Ncr\c cells S ami fiom 

r n 1 /• 1 1 * jTAiiglu on dv'rsal roots of spinal nerves OlArrse nucleus 

up ol nerve cells and fibres that mccntrcofcach 
exists' uetween batteries and wires 

in an ordinary electric system. 'Fhere is indeed a certain amount 
of connection, but how much is a matter of doubt. Not impro- 
bably the cells, to some extent, are able to act independently of 
fibres, recalling the wireless telegraphy which is now being 
developed. 

Subject to the brain, a large amount of control over the neck, 
trunk, and limbs is exerted by the spinal cord, and in accordance 
with this the parts in question arc supplied by numerous pairs of 
spinal nentes which arise from the cord. The examination of any 
particular spinal nerve (fig. 27) will show that 't takes origin in 
a couple of bundles of fibres which, from their position, are re- 
spectively known as the dorsal and ventral joots. It has been 
shown that, broadly speaking, the fibres of the dorsal root are 
carrying nerve impulses — telegraphic messages, as it were — to 
the central organs, while those of the ventral root carry such 
impulses away from them. To express this, the names af- 
ferent and efferent fibres (L. affero, I carry to; effero, I carry 
out) are revSpectIvely given. The afferent fihi^es convey infor- 
mation to the central organs about what is going on in the 
body or outside it, while the effc ^nt fibres carry impulses from 
the central organs to the other parts of the body, with the 
result that certain actions take place, or it may be that actions 
in progress are modified or stopped. 
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The Brain . — The brain is an exceedingly conplex organ, 
and is the centre of sensations and voluntary actions, besides, 
like the spinal cord, carrying on operations not dependent on 
the will. It consists of a central axis, which may be regarded 
as a forward extension of the spinal cord, and of various out- 
growths from this. The brains of different kinds of backboned 
animals differ very largely from one another in the extent to 
which these outgrowths are developed. In the human brain 
they attain their largest proportions, and the most noteworthy 
of them (fig. 26) are the cerebellum in the hinder part of the 
brain, and the two cerebral hemispheres in front of these. It is 
the hemispheres which are of greatest interest, for the grey 
matter forming their outer layer, or cortex, appears to be the 
ultimate seat of reason, will, and intelligence. It can be mapped 
out into small areas or centres, which are partly motor, con- 
trolling special muscles, and partly sensory, concerned with the 
special sensations. We have, for example, a special motor area 
concerned with the muscles of the arm, and if this centre be 
injured, paralysis of the arm follows. Again, a special centre 
of vision has been recognized, and if this be damaged, the 
sight is more or less impaired. In fact, what are termed sen- 
sations of sight, hearing, taste, &c., depend on changes taking 
place in these centres consequent on nerve impulses which are 
conveyed to the brain along afferent nerve-fibres. The hemi- 
spheres are connected together by a broad band of nerve -fibres 
(corpus callosum), the presence of which is important as regards 
classification. 

The spinal cord is not only, a central organ capable of doing 
certain regulative work on its own account, but also serves as a 
channel of communication between the brain and those parts of 
the body supplied by the spinal nerves. The brain, however, 
communicates directly with the head and some other parts of the 
body by means of twelve pairs of cranial nerves which take origin 
from it These differ in many ways from spinal nerves. Some of 
them are composed entirely of afferent fibres, which place sense 
organs in communication with the brain, i.g. the optic nerve 
connected with the eye, and the auditory nerve with the internal 
organs of hearing. Others are entirely composed of efferent 
fibres, e,g. three pairs of small nerves which do nothing but 
supply the muscles moving the eyeballs. Others, again, contain 
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both efferent and afferent fibres, as is the case with the remark- 
able tenth pair of cranial nerves, named vagus on account of their 
wandering course. Running along the neck, these nerves pass 
into the thorax, where they send branches to both heart and lungs, 
and, piercing the midriff, end in branches supplying the stomach. 

7'Ae Sympathetic System, — This brief survey of the nervous 
system may be completed by referring to the sympathetic system, 
which consists in the main of a couple of slender cords running 
ventral to the backbone, and dilating at intervals into small 
swellings known as the sympathetic ganglia, containing nerve- 
cells, and therefore considered as collectively constituting a 
part of the central nervous system. They are connected with 
the spinal and some of the cranial nerves, and largely control 
the internal organs and blood- ves.sels. to which they send 
numerous branches. The working of the sympathetic system 
is entirely involuntary, a fortunate circumstance to ^^hich we 
owe the fact that we are very largely unconscious of the 
internal movements of the body. 

Sense Okoans.— -The sense organs have been described as 
the implements of the nervous system, gaining, as it does, 
information about the external world by their means. A sense 
organ may broadly be regarded as a more or less modified 
piece of skin adapted to receive impressions from 
some external agent (contact, heat, light, sound, 

&c.) or sthnulus (L. stimulus, an ox-goad), and 
connected up with the central nervous system by 
a sensory nerve. 

The Skin as a Sense Organ , — The skin of the 
neck, trunk, and limbs is richly supplied with 
sensory nerves derived from the spinal cord, while 
the skin of the head and the linings of the mouth- 
and nose-cavities receive branches from the fifth 
cranial nerve. Connected with many of the 
smallest twigs of these nerves are microscopic 
bodies which are known as touch-corpuscles (fig. 29 ), 
l>ecause they are believed to have to do wfith the sense of touch. 
A finger-tip furnishes the best example. Upon it will readily be 
seen a series of fine ridges arranged in a characteristic manner, 
differing largely, however, in different individuals, and thus afford- 
ing an important means of identification. Under these ridges, 
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imbedded in the deeper layer of the skin (dermis) are to be seen 
rows of touch-corpuscles. The sense of touch proper gives us 
information about bodies which actually come into contact with 
the skin, and how extensive such information may be is seen in 
the case of blind persons. The sequence of events before we feel 
a sensation when, say, a finger-tip touches any object, is some- 
what as follows: — The first effect of contact is to cause some 
kind of to-and-fro movement in the minute particles (molecules) 
of which the touch -corpuscles are made up, or, to use more 
technical language, a “ molecular vibration The corpuscles 
may be called the “end -organs of toucti ”, because they form 
the external end of the set of structures concerned with touch. 
Next follows a “ nerve impulse ” (which is another kind of 
molecular vibration) along the sensory nerve to the spinal cord 
and thence to the brain. Lastly, a part of the grey matter 
composing the external coat or cortex of a brain hemisphere 
is affected, a third variety of molecular vibration being set up in 
it Then, and riot till then, is a sensation of touch experienced, 
by which we know that something has happened in thq finger-tip. 
What that something may be is judged by comparison with past 
happenings of a like nature. The sequence of events here very 
roughly described for touch applies, mutatis mutandisy to any 
other sense, and therefore will not be spoken of again; but it 
is important to bear in mind that all the various sensations— 
touch, taste, smell, hearing, and sight — are, so to speak, manu- 
factured in the brain, and it is only as the result of long practice 
that we learn to recognize them as resulting from changes set up 
in end-organs by different external agents (stimuli), enabling us 
to form judgments about what is happening outside the body 
altogether. 

The skin is not merely concerned with touch proper, but 
is also the organ of the temperaiure-sen^ey by which we learn 
something about the condition of external bodies as regards 
their condition with reference to heat or cold. 

The Sense of Taste (fig. 30). — The object of this sense being 
to give us information about food, it is not surprising to find its 
end-organs limited to the lining of the mouth-cavity. The most 
obvious of diese are contained in the mucous membrane of the 
tongue, upon the upper side of which organ, at the back, are to be 
noted a number of small projections or papUlcBy in the sides of 
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which are imbedded minute ovoid taste-buds containing slender 
taste-cells. These cells are connected with nerve -fibres which 
have been usually regarded as coming from the ninth cranial 
nerve, though there is reason 

to believe that they really li 4 1 

belong to the fifth. How- ^ I j 

ever that may be, there are , MM 

only two sensations of taste Ig (I uiun f f ' 

proper, i.e. sweetness and ^ 4'^ ll 

bitterness, and the stimulus A/W I 1 \H'' / I 

which initiates^ either of ^// "y ‘'*^1 / f 

these must be something in ?o— section of PapillTc of llic rongi»e highly magmiied 

r-. i a, section cf th-cmtral papilla b n, seciion of the surround- 

a dissolvecl condition. JVlany mg elevation, p/t i^rpiUa of the dermic /</, la>er of epithelium, 

nrf^ mrflw t bud-. 1I ind ni repn sent Ncry highly magnified views of 
SO called laSCCS are pariiy cells of the taatc buds. Note tharo^al nuclei 

smells, and that such “ fla- 
vours are of this mixed nature is practically demonstrated by 
a cold in the head, which largely destroys what we popularly call 
taste, although only the nose is affected. We are able to smell 
the food in the mouth by reason of the fact that mouth-cavity and 


nasal cavities alike communicate with 
the pharynx (see p. 34). It must also 
be borne in mind that the lining of 
the mouth, especially that part of it 
covering the tongue, also ministers 
to the sense of touch. The tip of 
the tongue is even more sensitive in 
this respect than a finger-tip, and 
there is also good reason for thinking 
that what we call “acid tastes ” are 
more properly to be regarded as 
varieties of touch. 



The Sense of Smell (fig. 31). — 
The organs of smell have to do 
with testing the quality of the air 
taken into the lungs, and it is there- 


Fig 31 — Diitnbution of Nerves over intenor of 
NbsbI Cavity, outer wall 
1, Branches of nerves of ^mell — olfactory nerve, 
a, nerves of touch to the no>.tnl . 4, 5, 6, nerves to 
the palate spnnging Irom a ganglion at 8. 3, 7, 9, 
branches from one of the palate nerves to nostnls 


fore natural that they should be situated at the beginning of 


the breathing passages. They consist of the two cavities of 


the nose, opening behind into the pharynx. The mucous mem- 
brane which lines the upper part of these cavities contains 
numerous slender olfactory cellSy which are the end -organs of 
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smell* and are acted upon by gases and vapours. Fragrance and 
its contrary are the only smells to which the name can strictly Le 
applied* as some so-called “odours’*, such as those of a pungent 
nature, are due to the delicate sense of touch connected with 
the nasal cavities. The first cranial or olfactory nerves are those 
of smell proper, and they supply the end-organs alluded to. As 
already mentioned, certain sensations which we arc accustomed 
to call uistes are partly of the nature of smells. 

The Organs of Hearing (fig. 32).— These complicated struc- 
tures consist of two subdivisions — (1) the essential parts 

containing the end-organs, 
and (2) certain sound -con- 
A. ducting arrangements. (1) 

The essential parts con- 
stituting what is known as 
the internal ear are im- 
beilded in the firm side- 
wall of the skull, and con 
sist of a complicated btig, 
the membra 7 iOHS labyrinth, 
on each side. This bag is 
really a small portion of the 
skin, which has been folded 
in so as to reach a sheltered 
position and escape injury. 
If the head of an embryo 
chick Ixi examined, a '^mall 

t.i 33 -Uiagninsof Aud.».,.y .. aural swe pjj ^.j]] cithcr 

Partii cut through are ihaded, the clo-ic ^hailing inJicatiug ihc * _ _ 

temporaJ bone Membraoenu bibyriiith dotted />, IjmiauH. Sldc of it. ThlS is tnC 

cavity VIII, auditiiry nerve. Arrows indKate dire< tion lu winch , . 

sound-waves and r'-sultant nerve impulses a i-. after COmiTtCnCing llltemal CrlT, 

Si hwallic, «nd B a still simpler diniji u i . . . . 

and later on the mouth 
of the pit closes, converting it into a minute vesicle lying just 
below the surface. This vesicle sinks inwards, and gradually 
assumes the complex shape characteristic of the labyrinth in the 
adult, while at the same time bony matter is formed round it. 
rhe lining of the labyrinth is made up in several places of slender 
auditory cells, which are the end-organs for hearing, and are sup- 
plied by the eighth or auditory cranial ncrve.s. (2) The eild-organs 
of hearing are stimulated by those vibrations of the air which are 
known as sound-waves, but, owing to the deep position of the 
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labyrinth, a special conducting apparatus, consisting of middle and 
external ears, is necessary. The external ear consists of the 
flap to which the name “ ear ” is applied in ordinary language, 
that of concha or pinna scientificiilly, and of a short auditory tube 
leading down into the head. Stretched acro.ss the inner end of 
this tube is a firm tympanic membrane. The middle ear consists 
of a tympanic cavity (“drum ” of the ear) internal to the tympanic 
membrane, and communicating with the pharynx by a tul)e-like 
prolongation (iMistachian tulxi). The internal ear is situated close 
to the inner side of the tympanic cavity, and at one place the 
protecting bone is absent, leaving a little oval space, the oval 
window (fenestra ovalis), filled by membrane only. If this were 
[>erforated, the fluid which surrounds the labyrinth would escape 
into the tympanic cavity. Stretching across the cavity from 
tympanic membrane to oval window is a chain of minute bones, 
the auditory ossicles, called, from their shape, hammer, anvil, and 
stirrup . The handle of the first is fixed to the tympanic menv 
brane, while the foot-plate of the last fits into the oval window. 
.Sound-waves (niter the auditory tube, throw the tympanic 
membrane into vibrations, like those of a drum-head, and this 
moves the chain (3f ossicles l)ackwards and forwards, thus acting 
upon the membrane of the oval window, thereby affecting the 
Iluid surrounding the labyrinth. The wall of the labyrinth itself 
is thus jolted, and the fluid it conuiins agitated. So far the 
vibrations (except the sound-waves themselves) are not molecular, 
but now begins the first piirt of hearing proper, for the auditory 
cells of the labyrinth are thrown into molecular vibration, followed 
by the transmission of impulses along the auditory nerve to 
the brail.. 

The Organs of Sio^ht (fig. 33). — The eyes, which to a very 
large exte nt act together, are sheltered in bony depressions cT 
the face known as the orbits, and are provided with muscles for 
moving them in different directions, which obviously largely adds 
to their efficiency. 'I'here arc also other accessory structures, such 
as eyelids and tear -glands, the former protective, and the latter 
secreting a fluid w^hich washes the front of the eye, and as it is 
done with pa.ssing down a narrow tube into the nose- cavity. 

The eyeball is covered by three v.otits, of which the outermost, 
the sclerotic, is very tough, and forms what is called “ the whit'' " 
of the eye. A circular external area of this is the transparent 
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cornea, which permits light rays to enter. Within the sclerotic 
is a much softer choroid coat containing numerous blood-vessels* 
this, however, does not line the cornea and its immediate 
neighbourhood, but runs transversely across the front part of 
the eye to form the coloured part we call the iris, in the centre 

of which is a hole, 
the pupil, OptK 
cally speaking the 
iris is a diaphragm 
for regulating the 
amount of light 
entering the eye, 
and the size of its. 
central aperture, the 
pupil, varies in size 
according to cir- 
cumstances, becom- 
ing very small in 
a bright light and 
very large in a dim 
light Lining the 
choroid is a third 
as the retina. It 
contains the end -organs for sight (rods and cones), and acts, 
as a sensitive screen upon which light falls. The second cranial 
or optic nerves run into the retina, branching within it to supply 
the rods and cones 

The eye is filled with refracting structures, of which the most 
important is the biconvex lens, placed just behind the iris. The 
small space in front of the lens is filled by a clear fluid, the 
aqueous humour, and the much larger space at its back by 
the jelly-like vitreous humour^ Just as the lens of a photo- 
graphers camera forms a picture of surrounding objects upon 
the sensitive plate at the back of the apparatus, so do the re- 
fracting substances within the eye act with reference to the 
retina. 

A study of the development of the eye shows that its sensitive 
part, the retina, is ' formed from an outgrowth of the brain, and 
as this organ is in reality a piece of skin folded in and much 
modified, the retina must be looked upon as of the same nature. 



Fig 33 — Rcprescnution of a vertical cut through the Eyeball in its Socket 

A, Cornea, a, aqueous humour, c, pupil , o, ins, a, lens, H, sclcrouc; i, choroid; 
K, retina, l, vitreous humour; M, optic nerve. N. an eye-muscle; r, an eyelid- 
muscle, with an eye-muscle (o) below it , Q a, cydids. 


eye-coat, pulpy in consistency, and known 
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Common Origin of Sense Organs . — We have seen that all the 
sense organs agree with one another in the important point that 
their essential parts, i.e. those containing end-organs, are really 
modifications of part of the skin, though this is rlbt apparent at 
first sight, and reference must be made to the facts 8f development 
in order to prove it But as the different sense organs are 
adapted to respond to very different agents, it is only natural 
that they should be modified for the purpose, so that the ear, 
^ example, possesses an elaborate sound-conducting apparatus, 
while the eye consists largely of refracting structures. 
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KSSKNTIAL CHARACTKRb OF VERTEBRATE ANIMALS. 
STRUCTURE AND CLASSIFICATION OF MAMMALS 


Vkktebratks and Invertebratks. — It has already been 
|X)inted out (p. 8) that Aristotle in his natural history drew 
what is perhaps the most important boundary line in zoology. 
i.e. the one dividing Backboned or Vertebrate Animals from 
Backboneless or Invertebrate ones. 

'I'he description which has just been given of the structure 
and functions of the human body will have given a rough idea of 
the leatling characters of the Vertebrates, and it is now necessary 
to indicate those features which characterize the group as a whole. 
'I'he following classes are here included: — 

I. Mammals, or .ordinary warm-blooded quadrupeds. — Ex 5 .\ JJon, 
Horse, Rabbit, Bats, Monkeys, Human licin^s, 

H Birds. — /L rr.: Fowl, Parrot, Ostrich. 

III. Reptilics. — Rxs .'. Crocodiles, Lizards, Turtles, Snnkes. 
l\’. Amphibians. — lixs .\ Frogs, Toads, Newts, Salamanders. 

V. FishI'-S. — Exs.i Herring, Salmon, Shark, Lampicy 
VI. PkotochordativS, including various low forms, none of which 
arc familiar to most person.s. 

Essential Characters of Vertebrates. — The tody is nearly 
always bilaterally symmetrical, though ca.ses are known where this 
is only true for the very young animal while the adult is more or 
less asymmetrical. A good case in point is that of Flat-fishes, 
such as turbot, sole, and plaice, in which the young fry closely 
resemble those of other fish, but as development advances one 
eye is shifted round to the other side of the head. In a turbot 
(fig. 34), for example, the dark and light sides are not dorsal and 
ventral, as might at first .sight be .supposed, but left and right, both 
the eyes being situated on the former side, which is kept turned 
upwards luring life. 



MAMMAI.IA 


6i 


Segmentation^ or division of the body into a number of similar 
parts or segments from before backwards, is another characteristic 
of Vertebrates, but is not equally obvious in all of them. It is 
particularly well seen in the lancelet (Amphioxus), a small some- 
what fish-like animal classed with the Protochordates (fig. 293). 

The body of an average Vertebrate is divisible into head^ 
trunk, and tail, though the last may be entirely absent in some 
terrestrial forms, as, eg,, the frog, which, however, possesses a 
large tail in its tadpole stage. When limbs are present they are 
never more than four in number, in which case the fore- and hind- 
limbs may be much alike, as in a pig, lizard, or newt, or eke 
they may be widely dissimilar, as in a bat or bird, where the 
fore-limbs are modified for the purposes of flight One pair of 
limbs may be entirely 
absent, as in whales, 
whiv.h possess no hinder 
extremities, though there 
can be no doubt that 
such were present in the 
ancestral forms from 
which whales are de- 
scended. The complete 
absence of limbs in cer- 
tain cases may be due 
to the fact that they 
never have been present, as in Protochordates: or it may be a 
case of the dwindling away and disappearance of members once 
possessed, as in snakes, which occasionally retain small and 
imperfect hind-limbs. 

The double-tube arrangement, which has been described as 
characteristic of the human body, is found among Vertebrates 
generally, and running along the axis of the trunk between the 
two tubes is either a backbone proper, or at any rate a firm sup- 
porting rod which answers the same purpose. A rod of this 
sort, the notochord, is found throughout life in the lancclct, for 
example. It is not composed of bone or gristle, but of an elastic 
substance. Such a rod is found in the embryos of all Vertebrates, 
but as development proceeds it is usually more or less replaced 
by a vertebral column made of cartilage or bgne, or both. The 
presence of a notochord at some period or other of life is one 
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of the most distinctive characters of Vertebrates, which for this 
reason are often termed Chordata. 

In the vast majority of Vertebrates we find, at the beginning 
of the digestive tube, jaws having an up-and-down movement 
Certain of the higher Invertebrates, e.g. lobster, scorpion, cock- 
roach, also possess parts which are called jaws, but they are really 
limbs which move from side to side, are placed lentirely outside the 
mouth, and do not form, as in a Vertebrate, a part of the head. 

In all groups of Vertebrates we find that at some period or 
other of life there are certain slit-like openings on the side of the 
throat, by means of which the cavity of the phatynit communicates 

with »h#>» exterior (fig. 
35). These openings 
in aquRUc’ lomls, such 
as fishes, become the 
gill-sHts of the adult 
Probably everyone has 
lifted up the flati ^ gill- 
cover, which is touml 
on each side of the head 
in such a fish as a sal- 
mon or herring, and 
seen the red comb-like 
gills attached to the bars 
between these slits. And 
those who have not d9ne 

n,35.-Froo.p.rt of Chick EmbT. this afc likely to have 

noticed gold-fish or the 
like in an aquarium, and if so, will havh observed that the 
animals continually open and shut their mouths, taking in water, 
which passes out again through these gill-slits in the process of 
breathing. In such terrestrial forms as Mammals, Reptiles, and 
Birds such slits are present in the embryo only (fig. 35), but they 
never perform any function, and ultimately close up altogether, 
only serving as a token that in the remote past the ancestors of 
these groups were aquatic forms, possessing gill-slits and breathing 
by means of gills. Such a statement as the last might appear 
very far-fetched, were it not that in the life-history of the frog, 
and other Amphibia, we can actually see a gill-possessing fish-like 
creature gradually turn before our eyes into a tenrestri^ animal, 
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breathinjT air by means of lungs and quite devoid of gills and gill- 
slits. bor it is a familiar commonplace that the frog starts life 
as a “pollywog” or tadpole, which to all intents and purposes is 
fish, and would be classed as such if it developed no further. 
In due course, however, the tadpole grows lungs, w^hile at the 
same time its gills shrivel up and its gill-slits close, changes which 
are accompanied by growth of liml)S and loss of tail, the ukimaU* 
product of these rc^volutionary proceedings Ix^ing a frog. 

i\ll Vertebrates possess a d/oot/ sysfei 7 i, consisting iA a sc‘i nl 
tubes in which blood is circulated, usually by the pumping actic'U 
of a placed near the under or \eiUral side of the aiiinicil. 

In die higher groups the heart is much more complicau*(l in 
structure than in the lower ones. 

I hc chief part of the ccnhal jicjvoji^ ^ysiem in a \\‘rtebrate is 
a thick-walled tube, the front [),irt of which is largcT than the re^ t 
and is t(T^y‘d the brain, while the r(*st is the spinal loril. I'his 
tube has a dorsal position. I'lic* sc nsiiive jiarts v)f the characteristie 
are developed as outgrowths of the brain. 

A brief survey of the Vc‘rtebrate groups, v ith their subdi\ isions. 
may now be ajtpropriately (Mitei'ed into, beginning with the Mam- 
mals and ending with the Pro toe hoi dates. 

MAAniALS 

Mcimmals arc justly regardtul as being the highest group of 
Packhoned animals, and a iiumbcT ol rli.iracters nvrk them off 
pretty" sharply from the remaining groups. 

1 hese charac tens, as well as othc rs of 
less importanc’e, have been for the most 
part dealt with in the sketch alrc*ady 
given of Man, the highest member of 
the grciup. 

Probably the two most striking fc^a- 
tures which characterize a Mammal are 
the possession of (i) hair and (2) milk- 
glands, both of which belong to the skin. 

(i) Hair (fig. 36). — In all cases wx 
find that the epidermis gives rise to a more or less pronounced 
hairy covering, each hair growing from a deep narrow pit in the 
-skin, called a hair-follicle. Opening into this are two little glands 



Off 3f^ -'scLtiiiu of Skin, '>howM) Hair, 
H.ui 1* tl^< les, and G1 imU 
n, Lpidcrmis , l<, dermis i, base of hair; 
</ ■■cb.'iccoiis glands; e, miisck .ittaclied to 
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(sebaceous glands), secreting an oily substance that may be 
regarded as a sort of natural pomatum. After a hair has attained 
a certain length it falls out, and is succeeded by another hair grow- 
ing from the same follicle. Many animals at stated periods of the 
year undergo a sort of moult in preparation for the growth of a 
new coat. This is the case, for example, with horses, which lose 
ilieir hair on the approach of winter and develop a thicker covering. 

There is very great variation as to the amount of hair present, 
some acjuatic forms, such as whales, being almost devoid of any 
such covering, which on the other hand is extraordinarily well 
develo[)ed in such creatures as shet‘p and goats. There may also 
be a localization of well -developed hair, as in the mane of horse or 
lion, and the beard of man and many apes. Not only arc* there 
these differences in ainouni of hair, but also in kind and C(^lour. 
Both these points arc illustrated by th(‘ races of mankind, which 
present such differing types as the fair wavy hair of many hairo 
j)e*ans, the black straight hair ot th(‘ C hinese, and tht' fri/zl) wool 
of negroes. I'hese difterenct's art' not mert'ly ones of colour, but 
shape, for the hairs of a Chinain.ui are .ilmost perle^ tly cxlindrical, 
while th(' \va\ y hairs are llattoneii to some* extent, anti the wool is 
much llattened, as in curling wt'od sh.ivings. In tlie last case, too. 
the hairs are set obliciuely in tlir skin. in a human bt'ing 

we Ctin di'^tinguish between llu“ (oar-<»(r liair (»f the head <nKl iht' 
fine downy hair covering most parts t>f the body, but in in.un 
mantmals such a distinction is iv h beittT marked, as in tlie fur- 
seal, which possesses coarse t omp.iratively long hair, together 
with the soft close-sei finer sort whirli m<ikes tlu skin \'aluablt‘ 
commtTt ially. A more \ ioh*iU (oiunist is st'tMi in a hedgt'hog 
(fig. 52), v\here we lind not only ortlinary hair, but also spines, 
which are simply very Luge stnaig prott'Ctive hairs, and this is 
c.irrietl a step further in port upines. 

The epidermis of M.imm^iU <dso produces other structures, 
which are more or less rillietl to hairs. The hc/rn of a rhinoceros 
is of this nature, and may be ctmsitlered as a mass of fused hairs, 
a view which is confirmed by examination of sections under the 
mitToscope. The fringed scales of some armadilloes are to be 
looked upon in a similar light, while such structures as claws, nails, 
.ind the hollow horns of cattle arc more remotely related. 

Mrimmals exhibit the gre.itcst variety in the coloration of 
the hairy covering of the body, and some of the colour-schemes 
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are ot j^reat beauty, iis, for example, in timers and leopards. 
As a j^eneral rule, the under side of the body is paler than the 
rest (see p. 22). In the inhabitants of cold climates it frequently 
happens that there is a well-marked distinction between summer 
and winter coats in the matter of colour. All these different 
arranj^ements are not haphazard, but bear a definite relation to 
the habits of the animal, commonly rendering them inconspicuous 
to foes or prey, ^c. Such uses will be fully dealt with elsewhere, 
when the* colours of animals in general will be considered. 

(2) J\hlk\~ One of the most noteworthy feature's regarding 
Mammals is the care taken by them of their >ourg, a character 
which has inucli to do with the dominant position in the struggle 
lor c'\isl(‘nce wliich has lK‘<*n gained by this group of animals. 
d'h(‘ word “ gaiiU'd” is used advisedly, for geol(»gical study shows 
us that this leading place was in earlier periods occupied by types 
of v(‘r\ ditfi reiu kind; the Rc'ptiles constituted what may be 
c<ill(‘d tiu. List reigning Vertebr.ite d) nasty prior to lh(‘ Age of 
M.immdls in which we now live. Just as in that age Man, the 
lU'west ( oiner, has, in virtiK' of his intelk'ctual (jualities, dethroned 
his lowe r rckitives and taken first pkicc*. 

It is .1 m. liter of ('ommon knowledge' that in the early j)art of 
their e\ist(‘n('e the young of Mammals are nourished b)' milk, a 
subsiaiu'e whii'h also j)la\s. in various forms, a most im])ortani 
])arl in the economy ol human adults. As might bi* expire letl, 
milk is ,in exceedingly nnf. itious substaiu'e. and may be takcsi 
as the i\pe of a perlei l food Die com[)osiii( vc. of ( ow s milk i^ 


approxim.ilely as lollows- 

Solids, ( onsisliM'; ol 

i. Alliiiniinoids ((hull) i.isein), 4'o 

j. ( \iil)()hvdiat( s (milk suj;ar), 4'h 

4 . I’ats, . . . 37 

4. Inorganu' salts, ... .. 07 

— MO 


1000 

It will be seen (.see p. 33) that all the neces.sary constituents of 
animal food are present, and it may be added that they are in the 
most advantageous proportion.s. 

A Mammal possesses one or more pairs of mtlk-glands, and 
their position varies considerably in different species, but in all 

VoL. I. fi 
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cases such a gland consists of an aggregate of blindly-ending tubes 
which are ingrowths of the epidermis. As a general rule, these 
tubes open externally upon a ieat^ but in the two lowest knowi 
Mammals this is not the case, there being a simple depression ol 
the skin, within which milk-pores are seen- 

Besides the two important chariicters just dealt with, the 
Mammalia are distinguished by others of scarcely less value, which 
may be conveniently dealt with under the headings employed when 
describing the anatomy of the human subject. 

Endoskelcton (see pp. 25-32). — Two very noteworthy filatures 
enable one to distinguisli the skull of a Mammal from that of othei 
Vertebrates. One is the presence of two occipital condyles at tin 
back, and the other is the fact that the lower jaw is made u[) of 
only two pieces united together in front. Birds and Reptiles 
f)ossess only one such condyle, and this, in cases when.' a wc^ll 
developed neck is present, allows the head a very free motion, 
as may be observed in a bird, though in this particular case the 
large range of movement is also in part due to the cxisUsice of 
\ery perfect joints in the neck itself. Amphibia, tlu* frog, 
also have two occipital condyles, but their skulls differ from those 
of Mammalia in so many other ways that no (me is lik(‘ly to Ik‘ 
led into error thereby. As to the nature o{ the Icjwct jaw, it is 
made up of a considerable number ('>f pieces in V^ertelw-ates lower 
than Mammals. 

The backbone cT a' Man is typically Mammalian in its main 
features, (except that the tail region is much more reduced than is 
aially the case. We note that the individual joints are flat- 
n.ded. and that in the young state the body or centrum of each 
is made up of a centnil pi(‘ce, t(-> which a bony disc is united at 
each end. This chanicter applies to all but the very lowest 
members (jf the group A further typical feature, to whi('h but 
very few exceptions r -e known, is found in the fact that the 
vertebra; of the neck are seven in number, even in a giraffe. 

The skeleton of the human limbs is typical in many ways, the 
chief modifications of a special nature being seen in the structure 
of the lower limbs, especially as regards the peculiar arches of the 
pelvis. .Such peculiarities are adaptations tc the requirements of 
the erect attitude. But the various bones recognizable in Man 
are recognizable also in most Mammals, and it may in particular 
be remarked that the possession of five fingers and five toes is the 
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typical condition, thou<j^h all sorts of reductions in number may 
take place, by which a fitness for special kinds of locomotion, &c., 
is brought about. The most extreme case is that of the horse, 
which possesses but one well-developed digit in each limb. 

Digesiive Ori^^ans (sec pp. 34-38). — In most respects the 
digestive organs of Man may be taken as typical, especially as 
regards the fact that there are two sets of teeth, and that these 
teeth are of several kinds. The total of thirty-two for the per- 
manent set is not, how^ever, typical, a much nearer approach to 
this being found in the pig, which possesses forty-four teeth in 
afi, arranged according to the following dental formula: — 


3-3 
3-3 ’ 



p.m. — 


4-4 

4-4 


_ 3-3 
3 3 


= 44. 


Many Mammals, however, have undergone much greater re- 
duction in the number of teeth than human beings, and in some 
species these structures have been lost altogether, as in the Great 
Ant-eater ol South America. Porpoises and the like, on the other 
hand, have a very large number of teeth not divided into distinct 
kinds. The nature of the teeth, which is determined by the kind 
of food, is of great classificatory importance. 

Circulatory Organs (see pp. 38-43) — Hot blood (about 98'’ F.), 
a four-chambered heart, with impure blood on its right and pure 
blood on its left side, and an aorta with its arch curving to the left, 
are the most characteristic features, and have all been dealt with 
in the preliminary sketch. 

The necessity of maintaining the blood at a temperature often 
higher than that of the surrounding medium appears to be one 
reason for the possession of a thick coating of hair. 

Respiratory Organs (see pp. 45-47). — No Mammal at any time 
possesses gills, though gill-slits are found in the embryo (see p. 62), 
but breathing is always effected by a pair of spongy lungs situated 
in the cavity of the thorax. There is present, as in Man, a partly 
muscular partition, the midriff or diaphragm, separating the cavity 
of the thorax from that of the abdomen, and materially assisting 
ill the movements of breathing by which the air in the lungs is 
renewed. 

Nervous System (see pp. 49-53).- The arrangements described 
in Man may be taken as fairly typical for Mammals in general, 
except as regards the brain, which is proportionately very much 
larger than in any other form. 
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It is characteristic that the cerebral hemispheres should be 
large, and united by a corpus callosum, while their surface is 
usually marked by more or less distinct convolutions. I'herc is a 
relation between the intelligence of a Mammal and the size «ind 
complexity as regards convolutions of its hemi.spheres. 

CLASSIFICATION OF MAMMALS 

Existing Mammals fall into three natural groups, wluch are 
again subdivided into Orders, the arrangement being as f()llov\s. 

A. Eltiikria. - d'his group eml^raccs the vast majority of 
Mammals, including all the highest forms and those v\itli which 
we are must familiar in this country. The distinctive' characters 
mostly require a speci.ilist knowledge of anatomy to bc' aj^pn i i.itc'd, 
and it may suffice to states that the hemisphere's of the bram an; 
large and convoluted, and tha* the young aro Ijorn in a c-ompaia- 
tively j)erfect condition, nc'vc. being sheltered in a j)ou(h aitc'r 
birth, as is the case with the second group of Mamm.iLs. 

The orders are as follows: 

, I IUx's. Man, A[)c.s, Monk* )^. 

] z'murs (Ixmuroulra). 

3. /hits (Chiruptrra). 

4. Inuct eaten (In.'>c<'tivora). - Exs. Mo)i\ Shi«'vv. 

5. /'lesh-eaten (Carnivora). R\s.. Doi;, Cal, Ik.n, Oilci, S^al. 

6. Cetacea. — E\^.' Whale, For|>oiM*. 

7. SuicoiV'i (Sjrcnia;.— Diigon^, Manatee. 

8. Kliphauts ( I’roljoscicU'a). 

9 Conies ( Hyracoieloa) - E\.\ Syrian H\ra\. 

10. liooft'd A/arnnia/s (Ungulata). Eas.- r.ipir, Rhinoc e-ros, IIif)|K) 

potamus, I^ig, Deer, Cattle, (iirafic*, Ca. lel. 

11. Gna^vers (Rodentia). E\s.\ Squirn-l, Rat, I’oic iijani', Ralihit, 

12. Edentates (Edentata). — Exs.: Sloth, Armadillo, Aiit-Kaii i, Rani;olin. 


B. Mktatheria. — The forms embraced by this group have 
smooth and relatively small cerebral hemispheres. The young 
are born in a very immature condition, and are usually sheltered 
for a time in a pouch ventral to the abdominal region of the 
mother. Within this pouch are situated the long teats, to which 
the young remain attached for some time, and these are so 
immature as to be at first incapable of sucking, the milk being 
squeezed into their mouths. Under such conditions they would 
be in imminent danger of choking were it not that thd top of the 
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I ht' Hippopotamus is closely related to the members of the 
Pig family, and, like them, does not chew the cud. It lives for 
the most part in water, inhabiting :>omc of the great Afhcan nvers 
A closely allied species inhabited liritam during prehistoric times. 
The Hippopotamus is a remarkably bulky animal, and weighs frem 
three to ^our tons when adult. 
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A STUDY FROM THE LIFE 
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windpipe projects into the back of the nasal passages, so that the 
feeding and breathing tracts are kept separate. 

There are also two well-marked features of the skeleton, one 
concerning the lower jaw and the other the pelvis. The hinder 
corners or angles of the former are bent (inflected) inwards 
(fig. 37)» while the latter possesses two extra bones (epipubic 
bones) which are at most represented by 
vestiges in members of the Eutheria. 

There is only one order, />.: 

13. Pomhed Mammals (IMarsLipial*^), of which all 
the existing tyix s are limited to Austral’ 'nd 
its adjacent islands, with .i few except ’S „ Low„j,. of. Wombat 

found in Americ,a. — lixs. : Kangaroo, Worn behind Note mnardiy bent 

bat. American Opossums. 



C. Prototui KiA. - A very small number of Mammals con- 
stitute this group, and they are marked off from the higher forms 
bv^ tK" possession of very remarkable characters. Agreeing with 
Marsupials in the characters of the brain, which is, however, 
of a still lower type, and the presence of epipubic bones, they 
differ from them and all other Mammals in the fact that they 
lay tough-shelled eggs. The young, when hatched, are nourished 
by milk, as in other cases, but the milk-glands possess no teats, 
simply opening upon a bare patch of skin. The Prototheria are 
also distinguished by the comparatively low 
temperature of the blood, the peculiar structure 
of the shoulder- girdles, and the fact that the 
intestine ends by opening into a chamber, the 
cloaca, which also receives the products of 
nitrogenous waste. As to the shoulder-girdle, 
it was mentioned in describing the human 
scapula (p. 30) that a coracoid process is pre- 
sent on that bone, and thac the process in 



question must be regarded as the vestige of 
what in ancestral forms was a distinct bone. 


cr. Coracoid bone, just abo\e 
which IS the cup ^glcDOid cavity) 
for attachment of upper arm 
hone. 


Prototheria possess a distinct coracoid bone 

(fig. 38), and also certain other bony elements in the shoulder- 
girdle, approximating in this respect to what is found in lizards 
among the Reptiles. It may indeed be noted generally that the 
peculiar characteristics of these lowest Mammals point to reptilian 


affinities. 
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There is only one order of Prototheria, ue . : 

14. Monotremis (Monotremata), including only three living genera — the Duck- 
Mole (Onnthorhynchus\ found in Australia and Tasmania (fig. 39); the 
Spiny Ant-Eater {Echidnct) of Australia, Tasmania, and New Guinea; 
and the Spiny-tongued Ant-Eater (Pr0€chidna\ limited to the last-named 
I'^land. 



Order Man and Monkeys (Primates) 

I. Man , — Human bcing^s are disting^uished from all other 
Primates by the possession of vastly superior mental powers, but 
when structural features are regarded there is no marked difference, 
and every organ found in a man exists equally in an ape. The 
human brain, however, in correlation with the human intellect, 
is very much larger than that of any ape, and the convolutions of 
its hemispheres are much more complex. This is true for the 
lowest savage equally with the genius. Man, again, is the only 
Mammal to which the erect posture is easy and habitual, and we 
accordingly find that the lower limbs are specially modified with 
a view to the maintenance of this position. And as compared 
with the highest apes, the human upper limbs are comparatively 
short, and adapted to perform the most delicate manipulations. 
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Although the differences between the different races of man- 
kind are well marked, all are now regarded as having sprung from 
a common stock, and as belonging to the same genus. Homo, and 
the same species, sapiens. The scientific name for Man, regarded 
as an animal, is therefore Homo sapiens. 

II. Apes and Monkeys . — These are tropical mammals closely 
approximating to Man in structure, with opposable thumbs, eyes 



Fi(f 40 — Anthropoid Apes 

I, Gonlla 'CortUa Savagri), a, Chimpanzee (^AnthropoptthtKUs niger) . 3, Silver Oi A>n le^maou), 

4 Orang uUn {StMia satjrwP 


placed in orbits which are complete bony cups, teeth of the fou 
typical kinds, and agreeing pretty closely in number with those 
of Man, and a pair of milk-glands situated on the chest. A pdtni, 
related to the habit of climbing, in which these animals differ from 
Man, is found in the possession of opposable great toes. 

Monkeys may be divided into three groups, corresponding 
largely to their geographical distribution: (i) Old World Monkeys 
(2) New World Monkeys, and (3) Marmosets. 
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(i) Old Woidd Monkeys. — These agree with Man in the 
number of the teeth, so that the dental formula is the same. 
They do not possess a well -formed projecting nose, but the 
nostrils are forwardly directed and close together, being separated 
by a narrow partition. 

The nianMkc or anthropoid apes (fig. 40), come nearest to 
Man in structure. They include the Gorilla and Chimpanzee, 



•■•I? 41 — fciiteilu Munkcy:> Semnopuhetus entelln* 


Which are limited to the dense tropical forests of West and Central 
Africa, the Orang-utan, of Borneo .and Sumatra, and the Gibbons 
of the East Indian Islands, further India, and South China. 

The tailed monkeys constitute the remainder of the Old ^Vorld 
seciion of ape- like forms. They are provided with hard patches 
(callosities) on the hind -quarters, and many of them possess cheek- 
pouches in which, as known te all visitors of zoological gardens 
and menageries, food can be temporarily .stored. 

Of these uiiled monkeys, one group includes tree-inhabiting 
forms of comparatively slight build, a good example of which 
is the Entellus Monkey, or Hunuman (Scmnopithecus cntcllus) 



MAMMA IJA 


73 


{fig. 41). It is held sacred hy the natives of India, and is 
therefore* allowed to commit serious depredations without let or 
hindrance. Another species of the same genus (.V. ro\c litmus), 
found in the north of 1 hibet, has a well-d<.‘velop(Ml pug no^.( ; 
and in a Bornean form, the Proboscis Mf)nkey (.V. nasica), that 



Kii; 4' - lilt llirltar\ A|ic luuu\ eimidixtut 


part of the anatomy has a more classic outline, and confers uix)n 
the animal an expression of comic \\is(lom. 

The Colobi of tropical Africa are comparable to the memlx^rs 
of the preceding genus, from which they are distinguished by 
stronger jaws and a greatly reduced condition ui the thumb. A 
typic.ll species is the (iuerezti {Colobits gucreza), of the Al^yssinian 
highlands. 

The Guenons arc representatives of another Afriain genus 
(Ccrcopiihecus) closely related to Sen-nopithecus, but tliffering 
in the possession of cheek -pouches, and a relatively large thumb. 
The members of the different species live together in large 
communities, and on account of their thievish habits are regarded 
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with far from friendly feelings by the natives. One of the prettiest 
species is the West African Diana Monkey (Cercopithecus diana), 
in which the face is surrounded by a quaint-looking border of 
white fur drawn out below into a pointed beard. Another 
example is the Green Guenon (C sabmis), which is among the 
common inhabitants of the monkey - house at the Zoo. The 

Moustache Monkey (C. 
LCphus) is a handsome 
species of the same 
genus. 

Macaques, belong- 
ing to the genus Ma- 
Lucus, are of stouter 
build than the preced- 
ing species, and their 
tails at most do not 
exceed the body in 
length Cheelv-})ouch( s 
rire present One spe- 
cies, the Magot, or 
B.irbai y Ap(* ( Maiaiiis 
or Inuu^ tcaudatu<) 
(tig 42J, is of special 
interest, as Ik mg the 
onl) monkey with a 
i,in<ge evtcMidmg into 
luirope, for though its 
head-quarteis are to 
be found in North 
Africa, 11 also occurs 
on the rock of Gibral- 
tar, an interesting fact of distribution which has led to the popular 
belief that there is a submarine passage between Africa and 
Europe. The Boonder, or Rhesus Monkey (Maccuus rhesus) of 
the East Indies, which is particularly common in the basin of the 
Ganges, has the same reverence extended to it by the natives as 
in the case of the Hunuman. Very similar in character is the 
Java Monkey {M, cynomolpis), but the Wanderoo {M. silenusy 
of Malabar is much more like a baboon (fig. 43). It is endowed 
with white beard and whiskers of ample proportions, and, being 



Fig 43 - 1 he \\aiidcno \facncu^ silemu) 
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the happy possessor of a wide range of mental characteristics, 
has been variously described as “a comedian” and “the philo- 
sopher among the monkeys”. It should be noted that all the 
Macaques, with the exception of the Barbary Ape, are Asiatic 
forms. 

The familiar Baboons^ which live chiefly on the ground and 
have dog-like heads, are for the most part natives of Africa. 



The Arabian Baboon {Papio hamadryas), which once live^ in 
Egypt also, was the prototype of Thoth, the old Egyptian God of 
Letters, and in this capacity, as well as in the humbler one of a 
simple ape, is often represented upon the ancient monuments of that 
country. It is a large and powerful creature of greyish colour, ar 
the adult male, with his pinkish face, large mane on nec^^ ar.i 
shoulders, and bright -red swellings of large size on the hind- 
quarters, is by no means a prepossessing object. The West 
African Mandrill {Papio mormon) (fig. 44), however, is even more 
hideous. Its adornments are of a vivid nature, for there are blue 
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swellings on th(‘ face, and the large bare projections on the hinder 
regions arc blue and red. 'Fhe Yellow Baboon (Pap/o daiuin) of 
West Africa is handsome by comparison with the two last species. 

(2) jVr 7 v World Monkeys arc a stage lower in development 
than those of the Old World, and consequently less human in 
appearance and structure. They always possess a tail, whi(h 
is commonly used as a gr.isping orga i, and may also serve as 



1 4>- ki.ii Howling Monke>s ^Mycetes tfnicului\ 


a delicate organ of touch. Fhe total number of permanent teeth 
is thirty-six, four more than in Man and the Old World apes, 
the excess being due to the presence of an extra premolar on 
each side of each Jaw. There is also a difference in the nose, 
which has nostrils facing somewhat sideways, and separated by 
a broad prirtition. 

Three distinct sections are recognized: — Naked-tailed Mon- 
keys, Sdjous, and Sakis. 

In the Naked-taiUd Monkeys^ at least part of the long and 
powerful tail is devoid of hair on the under side and is used as 
a tactile and grasping organ, Among the noisiest of these forms 
arc the Howlers of South America, such, for example, as the Red 
Howler {Mycetes seniculus) (fig^ 45), in which the vocal organs are 
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provicle^d with peculiar resonatino structures that greatly ricld to the 
volume of sound produced in the dismal concerts to which these 
animals are addicted. Other illusli alive species aie the Barri^udo 
{^Liioothrix lIumboldti\ with wtw^lly fur, and the slender Spidtr' 



I 1., 4f 1 he iMiiiki (.>1 AV u I') Sj id«.r Ml nktj in tj <r> i /v i 


JA/z/Z-'is, such as the Miriki {/, nodes a/ ai//7/cid(:^) lf\i^ 46) which 
are distmiL^nished by the reduced condition of the thumb 

The most familiar New World monkeys are probably the Sajoo:, 
or Capncltin Monkeys, bi'lonein^ to the mentis Cebtn. '1 he f.ice is 
I)are and wrinkled, and thcic .uc «rcneially j)(*culiar acloinments of 
the nature of whiskers, &c. 1 he lom^ prehensile tail is com- 

pletely covcTcd with hair, «ind does not sc*rve as an orc^an of touch. 
An (‘\ample is the Weeper Ca])uchin {Cibns capucmus\ 
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Lastly, in the Sakis the tail is not modified as a graspinjj 
organ. Kxdniples are the Black Saki {Pilhecia Saianas), with 
bushy tail and ample beard, found in the basins of the Orinoco 
and Amazons, and the Squirrel Monkey {Chrysothrix snurea) 
of Guiana. 

(3) The Martnosets or Clawed Alonkeys of America arc the 
lowest and least intelligent fornis to which the name “ monkey " 



f <1: 47 ~ Uuutiu or Common M imioset (//a/n/r y'oK/tMt) 


can properly Ixj applied These small creatures, of which the 
Common Marmoset (Hapale Jcuchits) may be taken as type 
(fig, 47), have daws on all the digits except the great toe, which 
is provided with a flat tail, and is opposable. The thumb, unlike 
that of an ordinary monkey, is non-opposable. The teeth are 
thirty-two in number, as in Man and the Old World forms, but 
the dental formula is different, for whereas these possess eight 
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premolars and twelve molars, a Marmoset has twelve premolars 
and eight molars, agreeing in the former particular with the^ New 
World monkeys proper. 

Order 2. — Lemurs fLemuroidea) 

This order includes a somewhat 
heterogeneous collection ol tropical 
•climbing mammals, of which the large 
majority are limited to Madagascar, 

^hile a smaller number are found in 
South-east Asia and in tropical West 
Africa. They have usually been in- 
cluded in the Primates, but on insufficienr grounds, the chief 
-common peculiarity being the possession of opposable thumb 



Fig 48 >-Slcull of Black Indris Lemur 
/, Temporal fossa orbit In this case 
the orbit is open behind and thus CMnmunt- 
cates with the temporal fossa 



Fig 49 -Ring tailed Lemur 
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and great toe, a character associated with the climbing habit 
The bniin-case is relatively smaller than in a monkey, and the 
orbits are not completely walled in at the back by bone (fig. 48). 
In accordance with their nocturnal habits these animals have 



I -jo IhcSptrlrc In icr htfUHt ^ ^iriuu 


Lirgc and sometimes even enormous eyes. There arc generally 
more than one pair oT mammary glands. 

The Ring-tailed Lemur i^Lcmur cattd) of South-west Mada- 
gascar niriy be taken as an average member of the order (fig. 49), 
while the little Spcctre-Tarsier {Tarsius spectrum), with a body 
of only about 6 inches long, will serve as an example of the 
forms with especially large eyes (fig. 50). It is an East Ifldian 
and Philippine species. 
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Order 3.- Hats (Chiroploni) 

Hilts or “ flitterniice " differ from .ill other mammals in the 
possession of efficient tlyinj^-op^ans, difff rin^r entirel) in struc- 
ture, however, from th(‘ wan^s ot .a hire! A tou^h membrane 
extiaids beUveon die Ixuly, limbs, and cninmonl) tlui tail as well 
(liLi 51). i h(' thiiml) is lrr(‘. (,r [Kirily so, and is provided with 
a siroiiLi ciirve(l (law, but thi‘ tmL^ca's are execaxlino 1^ loii'^ and 
slen(.l('r tluar use Ixan- to kt ep tlie nu m’oi-aiKt ^'xtcaided, tlius 



l uc >1 - 1 he [A'lig-niod 1 ii /Vii /.» 

iictint; jiretly much like the ribs ol an iimbrf'lla. Hats, though 
nocturnal, ha\ e very small eyes, wIumk (* the e\pr(.ssi()n “blind 
<is «L bat ”, but this is ('om|)ensateil b)- their loni^ siaisitive ears, 
and in niiiny (iiscs thcaa^ .ire ,iIso curious leaf-like outgrowths 
on the nose. All our native bats, like the majority of forms 
included in the order, live on insects, and in accoialance with 
phis liabit have numerous sharply -]iointed teeth. A pair of 
mammary glands are present. situaUal on the breast. Although 
the geiKTal appearance of a bat’s body enables us to understand 
why it should have received the old English name of llitter- 
niouse, these animals are in reality much more closely allied to 
hedgehogs and mol(\s. 

The order is divided into the two sections of Fruit-eating 
Hats and Insect-eating Hats. 

The comparatively small section of Fruit-catinv^ Bats only 
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includes the so-called Flying-foxes, which are natives of the 
Old World, Australia, and the South Sea Islands. The cheek- 
teeth have flattened crowns adapted for chewing, and there is 
generally a claw on the first finger as well as on the thumb. A 
typical species is the Kalong {Pteropits cdiilis) of the P"ast Indies. 

The Insect-eating Bats are by' far the larger section, and 
include all our undoubted native species, twelve in number. All 
the cheek-teeth have sharp-pointed crowns, there is a claw on 
the thumb only, and the snout is shorter than in the fruit- 
eating forms. There are two families: — The True Hats (Ves- 
perrilionida?) and the Leaf-nosed Bats (Phyllostomata). 

In the Tnu Bats (Vespertilionidai), which are cosmopolite, 
the nose is simple in form, but there is a .sensitive pointed 
projection from inside the ear to which the name of “ carlet ” 
(tragus) has been given. 

A common British kind is the Long-eared Bat {P/ecotiis 
anritus) (fig. 51), abundant in the wooded regions of Europe, 
and ranging as far as India. 

The European kinds which po.ssess the greatest powers of 
flight belong to the genus Vesperngo, and include the Xoctule 
(K noctula) and the Pipistrelle ( pipistrcllns)^ which iwv re 
spectively the largest and smallest of our native species.^ 

The Leaf-nosed Bats (Phyllostomata) are for the iTit)st part 
natives of the troj)ics, and differ from the preceding family in 
the possession of outgro\vths from the nose, which s(Tve aj)- 
parently as special organs of touch. The food is not limited 
to insects, but may also include fruit, and some of them attack 
birds and mammals of other groups. A comparatively small 
and simple nose-leaf is found in the cav(*-inhal)iting form to 
which reference is frequently made in works on Egyptian ex- 
ploration {^Rhinoponm microphyllinn). A largtT nose -leaf is 
present in the South American l'\inipires, which have (*arned 
an unenviable notoriety on account of their blood-sucking pro- 
pensities, though an enormous grain of salt must be added to 
the numerous legends and stories which are current. The 
largest species is the True Vampire {Phyllosionia spectrum), 
which with its sharp front teeth is able to inflict a small wound 

* The: remaining British members of ihc family, omitting dc»ublful rases, arc: — llaiiy armed lUl 
(rtspftuiro Letsleri), Scrotine Bat d'. se, olutuCs, Borhslcin’s Bat [W’ipatiho Naticrci s 

Bat (K Natferen), T)avil>cntinX Bat Daiihtntmi), Whiskered Bat (/'. vty^ta, and the 
Barlustcllc {Synotwi ha}h(i\i(llui). 
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in the body of a sleeping animal, the toes being the region 
favoured in the case of human beings. It is, however, only fair 
to add, that insects, or even fruit, are the favourite articles of diet. 

A very complicated nose-leaf is found in the Old World 
forms belonging to the genus Rhinolophus, which are known 
as Horse-shoe Bats. Though these range from England to 
Tasmania, their head-quarters are in the southern parts of Asia. 
Only two forms, both of which occur in Britain, are found in 
Europe north of the Alps. These are the Lesser Horse-shoe 
Bat {^Rhinolophus kipposideros) and the Greater Horse -shoe Bat 
{R. ferrumequinum). 

Order 4. — IxsErr-EATERS (Inscctivora) 

Insectivores (fig. 52) are small nocturnal mammals of low 
organization, adapted for preying upon insects, worms, snails, 
and other snlall creatures, for the seizing and holding of which 
their sharp-pointed teeth are peculiarly well adapted. There 
is generally a long pointed snout, suited for poking into the 
small corners and crevices inhabited by their prey. As might 
be expected in a primitive group like this, there are the typical 
number of digits, i.c. five on each hand and foot, and all are 
provided with claws. Several pairs of mammary glands are 
found in the abdominal region. Six groups of the Insectivora 
may be distinguished: — Banxrings, Jumping -Shrews, Desmans, 
Shrews, Hedgehogs, and Moles. 

Ba^ixrings or Tree-Shrews are arboreal forms A\hich some- 
what resemble squirrels in appearance, chiefly owing to the 
presence of a large bushy tail ; but the long pointed snout is 
characteristically insectivorc. A typical form is the Bornean 
Tree -Shrew {Tupaia tana). 

The African group of Jmnping-Shrcws includes small long- 
snouted creatures common in desert regions, and distinguished 
by the relative length of their hind-limbs, upon which they 
spring actively about. The Elephant -Shrew {Macroscclides 
typicus) of South Africa is a good example. 

Desmans are swimming forms found in Thibet, W est Africa, 
South Russia, and North Spain. Ore of the best-known species 
is the Musk-Shrew {Myogale moschata) of the Volga and other 
Russian rivers. 
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AU the preceding are small groups, but the mouse-like Shrews 
include a large number of species, and are found in all parts of 
the world except South Americ.i and Australia with its related 



F ^ I s,»*cnvort.^ 
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islands I here are three British species, the Common Shrew 
(Sonx ziilga7is), the Lesser Shrew {^Sorex rtinutiis) and the 
Water Shrew (Crossopus fodiens) The two first are the 
smallest British mammals, and indeed the group includes the 
smallest known mammals found in any part of the world, one 
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spt‘cies the Tuscan Shrew {Lroctdura hlntsca), being under an 
null and a half long, with a tail one inch in length 

The Common Shrew was an object of superstition in the 
M'ddle A^cs, being looked Lij)()n as an enemy to domestic animals, 



I b 53 — ihc Lolifc,t>or blym),. I eiii r I lU pit/ 1 us) 


and by way of aiUuloU' it was often immured alive in a hole cut 
in the trunk of an ash tiee 

1 he Common Hedachoij 1 id opt f ns) is a well- 

known type of a faiilv laioe Old World ^roup, which may 
bioadly be taken to indude hedj, hogs proper, the spineless 
Atfouta (Solenodon) ol Cuba and Ilayti, and the I'anrecs {Cen 
htes, &c) of Madairascar, some ol which are spiny The last 
are adapted to very various habits 
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The Common Mole {Talpa Europi^a) is our British repre- 
sentative of a large group mainly distributed through the 
temperate parts of the northern hemisphere, and structurally 
modified so as to fit them for a burrowing habit. Related to 
them are the Golden Moles of the Cape, in which, however, 
the digits of the hand are reduced to three, and the fur has a 
beautiful iridescent sheen. 

A remarkable animal, native to the East Indies, known as 
the Colugo, or Flying- Lemur {Galeopii/iecus), is probably best 
regarded as constituting a specialized group of the Inscctivora. 
On each side of the body (fig. 53) there is a fold of skin which 
connects together the limbs and tail, and acts as a parachute, 
facilitating progress from one branch to another. 

Order 5. — Flesh- Eaters (Carnivora) 

This large, dominant, and widely distributed order of mammals 
includes a great diversity of widely differing forms, nearly all of 
which, however, arc adapted for preying on weaker animals. In 
accordance with this the digits generally possess sharp claws, and 
the strong lower jaw, moved by very powerful muscles, is united 
to the skull by a well-marked hinge -joint (see p. 28), while 
large canines and cheek - teeth with cutting crowns apc also 
characteristic. Carnivores possess considerable intelligence, par- 
ticularly so in the domestic forms, such as cat and dog, and 
some, at least, .of their senses are very acute. 

The group is divided into two sub-orders--!, the true 
Carnivora, or Fissipedia; and II, the aquatic forms, or Pinni- 
pedia. The former include most of the species, and Cat, Dog, 
and Bear may be taken as the leading types, of which the first is 
most specialized for flesh-eating, while the last is least so. 

I. Fissipedia. — It is customary to divide the forms of this 
sub-order into Cats. Dogs, and Bears, using these words in a 
very wide sense. 

CATS 

These Carnivores have their feet lifted off the ground (fig. 54) 
so as to walk upon the digits (digitigradc), and their teeth are 
fewer in number and more specialized than is the case in the other 
two groups. There are four families: — 1. Cats Proper (Felida;); 



THE TIGEE {FelisHgris) 

The Tiger is a typical member oT the Cat family 
which includes the most specialised forms belonging to the order 
of mammals. Tigers have a wide range, from India 

to south-east and east Asia, and the variety which lives in the 
more northerly part of the last area is possessed of a thick almost 
woolly coat The animal figured is one of the familiar Indian 
kind, sometimes distinguished by the name of Royal or Bengal 
tiger. 

The striped skin of this creature is a typical case of aggres- 
sive general coloraiton^ harmonizing with the colour-scheme and 
confused light and shade of his native haunts, and thereby pre- 
venting the contemplated prey from taking premature alarm. 




THE BENGAL TIGER-(FELIS TIGRIS) 
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2. Viverrines (Viverridae) ; 3. Hyaenas (Hyatnidae) ; and 4. Earth- 
wolves (Protelidae). 

j. Cais Proper (Felidae) include a vast variety of forms, 
among which are the most highly specialized and the most 
rapacious of Carnixores. The teeth are fewer than in the other 
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families and adapted to an 
exclusively animal diet, and 
the claws are usually pre- 
vented from getting blunt 
by be 111*4 withdrawable into 



I \ 1 1 I { ii ill 

X II I X I 1 11 n V I 

I in I t it , I n I ( I i X 

/ tl i tc n,. 1 11 i X li [ k i) h X 


special sheaths, as ewerjone must have noticed in ihc domestic 
cat (fig. 55). Members of the family arc to be found in aH 
the continents except Australia, and the) include (i) the True 
Felines, (j) the Lynxes, and (3) the Hunting Leopa’ds. 

(i) True Fcluus (genus /v//.s) have roinparativcdy sh ^rt strong 
legs, and cliHer among themselves chiefl) in the matter cd size and 
in the coloration and markings of the skin. The Lion {Felis leo) 
is the only species which, fortunately for the natives, does not 
possess the power of climbing trees, and the absence of stripes or 
spots may be noted. The mane of the male is also a characteristic 
feature. Lions are chiefly found in Africa, but also range into 
the south-west of Asia. The Tiger (Fehs /ij^ris) is the equal 
of the lion as regards both size and strength, and its stealthy 
habits render it much more dangerous. The dark stripes on die 
skin are very characteristic, and their presence makes the animal 
very inconspicuous in its natural surroundings. Both in Africa 
and Asia spotted felines are to be found, to which the names 
Leopard and Panther are indifferently applied. We have, for 
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example, the African Leopard {Felts leopardus) and the Asiatic 
Panther {Fells panthera), which closely resemble one another. 
Various small felines are native to Asia and Africa, one of them, 
the Fallow Cat {Fells nianiculatd)y being probably the form from 
which the domestic animal is descended. It was venerated and 
embalmed by the ancient Egyptians, and its present range includes 
North-east Africa and part of South-west Asia. An European 
species, the Wild Cat par excellence {Fells calus)^ is probably 
native to Britain but is now practically limited to the more 
remote parts of Scotland. 

All the true felines so far mentioned belong to the New World, 
but forms of similar kind are also found on the American conti- 
nent. Of these the Jaguar {Fells onca)y resembling a large 
leopard in its characters, is distributed through the whole of 
South America to the southern part of North America, while the 
Puma {Fells concolor)^ a much less dangerous form, ranges from 
Canada to Patagonia. There are also smaller species, e.g, the 
Pampas Cat {Fells pajeros)^ which is a native of Patagonia, and 
is not unlike the European Wild Cat. 

(2) Lynxes (genus Lynx) have longer legs than the true 
felines, and a smaller number of teeth, indeed their dentition is 
more specialized than in any other carnivorous genus. They are 
further distinguished by tufts of hair on the tips of the ears and 
by the shortness of the tail. Most of them are restricted to the 
northern hemisphere. There are two European species, of which 
the smaller, the Spanish Lynx {L, pardinus) is only found in the 
Peninsula, while the Polar Lynx {L, vulgaris) is now chiefly found 
in Scandinavia and Russia (fig. 56). 

(3) The third genus (Cynailurus) of the Felidae includes the 
Hunting LeopardSy which look something like ordinary leopards, 
but have slender limbs and non-retractile claw.s. Their range 
includes Africa and South-west Asia, and the best-known form 
is the Cheetah {C, jubatus) of the latter region, which is trained 
for hunting purposes. 

A ferocious cat-like animal, the Foussa {Cryploprocta ferox)y 
found only in Madagascar, and sometimes considered as consti- 
tuting a distinct family, may be mentioned here as a form 
intermediate in some respects between the present family and the 
one next to be described. 

2. The Viverrines small carnivores represented 
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b) numerous species in the warmer parts of the Old W orld 1 he 
lon}4 slender bod) is provided with short 1( t>s the lont^ hush) tail 
tapers to a point and the snout is somewhat long I he teeth are 
more numerous and not so typicall) carnnorous in t>p( as in the 
helidit Two subfamilies are distinguished which differ m the 



structure of the feet and in other wa)s I hese are ( i ) tht C i \ ( ts 
and (2) the Mangoustis 

(i) Civits are not unlike cats in their general appearanee and 
like them are digitigrade ajid able to retract their claws One 
species, the Common Genet {Giiutia viiloans) is found in Spain 
and South France, its range .ilso including those parts ot Moioceo 
and Algeria which are north of the Atlas Mountains Well known 
on account of the disgusting odour which tht\ emu aie tht 
African Civet-Cat {Vnu7ra civctta) and the Indian Ci\et Cat 
zibetha) (fio 57) 
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( 2 ) Mangoustts are sinalk i than civets, and somewhat weasel 
like in appearance 1 he lomr toes are provided with non retractile 
claws, and the animal dots not walk m the same tiptoe fashion as 
the cats or civets. Most of the spent s aie \fntan but some 



Fijr 57 rh< In^ in ( ivet ( it / trerni stb tkd\ 


are characteristic of South Asia, and one ranqrcs into F iirope A 
common type is the Egyptian Ichneumon {ffirp^^ics tr/tneupion), 
venerated by the ancient Egyptians probably on account of the 
services rendered by it in the destruction of snakes and the eggs 
of the crocodile. All sorts of wonderful stories were once current 
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about this animal s supposed habit of entering the crocodile’s 
mouth for the purpose of preying upon its vitals, and its imagined 
knowledge of herbs acting as antidotes to the bite of a poisonous 
serpent A smaller species (fig 58), the Mungoose {Herpestes 
grtseu^), is undoubtedly of great use to the inhabitants of India, on 
account of its propensity for destroying snakes and rats Here 
again natives believe that the animal is acquainted with antidotes 



Fig 58 —The Mungoose or Grey Ichneunxm gttuvs) 


to snake- bites One species of Mangousti {Herpestes Wtd* 
dringtom) is found in the south of Spain. 

3 The family of Hymias (Hyaenidae) includes only three 
species of powerfully -built though not \ery large carnivores, two 
of which are limited to Africa south of the Sahara. A rather 
peculiar appearance is given by the greater length of the fore- 
limbs and the presence of an incipient mane Hyaenas are 
digitigrade, and the four toes of each foot, both fore and hind, 
arc provided with non -retractile claw^s The excessively strong 
jaws are provided with teeth of marked carnivorous type, and the 
biting apparatus is powerful enough to successfully negotiate the 
hardest lx)nes Carrion is the chief food The Spotted Hyaena 
{^Hyisna crocutd) and Brown Hyaena {H. brunnea) are limited 
to South Africa, while the Striped Hyaena {H. stnatd) has a 
much wider distribution, inhabiting the temperate and wairm parts 
of both Africa and Asiau 

4. The family of Earth-Wolves (Protelidae) is instituted for 
the reception of a single species, the Earth-Wolf (Aardwo/J) of 
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tlie Cape {ProteUs Lalandii), which is a burrowing form looking 
much like a small hyaena (fig. 59). It is» however, a distinct type. 



as shown b) the insignificant cheek teeth and other anatomical 
characters. 

ikk;s 

Dogs, if one includes under that UTin not only the species 
commonly so called, but also wolves, foxes, and other similar 
forms, are a large group of carnivores distributed over the greater 
pcirt of the world. They are not so highly specialized as the cats, 
this being shown, for example, by the fact that their teeth are 
more numerous and not of so highly developed carnivorous type, 
rhe legs are long and adapted for running, and there are five toes 
on each fore-foot and four on each hind-foot, all provided with blunt 
non-retractile claws. Nearly all the members of the group lx;long 
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lo the genus Cants, and the more robust species, with a rounded 
pupil to the eye, are known as Wolves, Of these the largest 
species is the Common Wolf {Canis lupus), which has a wide 
distribution through the cold and temperate parts of the northern 
hemisphere, and was at no very remote period a native of Britain. 



I ifi 6o — I he ^.'thara hox or Fenner urns zerdn) 


As is well known, it hunts in packs, like many other dog-like 
animals, and this habit at times renders it formidable even to man. 
h'ew animals play a larger part in legend and fable, from the time 
of /Esop down to Uncle Remus. I'he Coyote or I’rairie Wolf 
{Cams lah-ans) is a smaller North American species. Closely 
related to the wolf is the Jackal {Cams lurens), a much smaller 
animal, with a fox-like appearance. It ranges from India to 
Central Africa, and is also found in Greece and Dalmatia. 

It has lx;en pointed out that the domestic cat is probably the 
descendant of one oarticular wild species, but this is not the case 
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with dogs, these seeming to have a more varied origin. It is 
possible that the Dingo or Native Dog (Canis dingo) of Australia, 
which is especially interesting from the paucity of higher mammals 
m that continent, ought not, properly speaking, to be regarded 
as a wild form in the ordinary sense, but as the descendant of 
domesticated dogs introduced by man. 

Foxes, as represented by their more characteristic species, are 
distinguished from wolves by a narrower snout, larger ears, shorter 
legs, and more bushy tail. The pupil of the eye, instead of being 
circular, is a vertical oval. A good type is our native species, the 
Common Fox (Cants vulpes), which is as widely distributed as 
the wolf, and represented by many different varieties. No animal 
figures more prominently in fable and legend, a somewhat exagger- 
ated estimate being usually taken of its wisdom. Among related 
speaes the smallest and prettiest is undoubtedly the F'ennec or 
Sahara Fox (Canis zerda), distinguished by the very great size 
pf its ears (fig. 6o). 


BEARS 

These are carnivores which walk upon the soles of the feet, 
or in other words are plantigrade (fig. 6i), and their teeth are not 
so specialized as in cats and dogs, some of 
the molars possessing crowns adapted for 
crushing food instead of merely dividing 
it This is in accordance with the diet, 
which commonly includes both animal and 
vegetable items. 

The group is divided into three fa- 
milies: — I. Small Bears (Procyonidae); 
2. Large Bears (Ursidse); 3. Badgers, 
Weasels, and Otters (Mustelidae). 

I. The Small Bears (Procyonidse) are 
probably best known in the person of the 
Common Raccoon (Procyon lotor), a very 
active and inquisitive creature native to the 

rif. 01 --sneietoa ot niiMi>tinD o«. ai 

Ba«,toiuiiitmtbcPUiiucrMi«sinie- forcsts of Noith A met ICO. As the specific 
name indicates (Lat lotor, a washer), it has 
the curioushabit of washing its food (fig. 62). 
2. Bears (Ursidae) are much laiger and clumsier animals, 
familiar to all from menagerie and zoo specimens. Though pretty 
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widely distributed, they are not found in Africa soufh of the 
Sahara, nor in the Australian region, and are but scantily repre- 
sented in South America The Common or Brown JBear {l/rsus 
aretos) (fig. 63), which is the species once native to Bri&in, is» 



ftg 6a — Tba Comw Raccoon ( Mar) 


found in suitable localities throughout the whole extent of the Old 
World north of the Atlas and Himalaya ranges. He figures as 
the companion of wolf and fox in many fables and stories. 
Although the Brown Bear is no mean antagonist, it is surpassed 
hoth in rize and fierceness by the Grizzly Bear (Ursus /«rox) of 
the Rocky Mountains. The Polar Bear (Ursus maritimus) is of 
oven greater size, and is indeed the largest living carnivore. 
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I lU — iSiovMi 11 ifN Vnus ani0s y Prom an mstaiiuneous photograph) 

T,. Badgers, Weasels^ and Otters (Mustelicke) together make up 
a Icimily of which tlu* majority of members are small in size, and 



I ig 64 — 'llic Common Badger {Mflet Uunu) 


which is of considerable economic importance since it is the 
source of many valuable furs. 
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Badgers are plantigrade forms with stoutly-built body and 
strong, short legs, armed with powerful claws used for burrowing. 
There are stink-glands opening near the root of the tail The 
Common Badger {Meles taxus) (fig 64) is commoner in some parts 
of Britain than gener- 
ally supposed, for as a 
nocturnal and burrow- 
ing animal it is natu- 
rally seldom seen The 
colour presents a re- 
versal of the usual con- 
dition of things among 
animals for the upper 
side of the body is light 
ind th( under side 
d irk instead of the 
opposite <^ur iiali\c 
f(jrm langcs ri^ht 
across the tcmpciate 
paits of I uiof)C «ind 
\sia from Biitain to 
Japan Other genera 
are found in Africa, 

South Asia and North 
A meric 1 C losel) re- 
lated to the badgers 
arc the Slaftl'Sy ^^hlch 
range throughout both 
North and South 
\mcrica Undoubtedly 
the most graceful crea- 
tures of the kind, they are at the same time the most offensive, 
possessing as they do the power of ejecting to a considerable 
distance a fluid of indescribably disgusting odour secreted by 
their well-developed stink-glands 

Martens and Weasels constitute a group, of which the most 
typical members are small lithe animals v ith an elongated narrow 
IxKdy and a long bushy tail. Most of them are digitigrade, and 
the claws may be retractile The largest British species is the 

Pole-cat {Puiortus /oettdus), found in rapidly diminishing numbers 
VOL.L 7 
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in various districts of Great Britain. Its local name of “foumart ’ 
(/>. foul marten) has reference to the evil odour which it possesses, 
due to the same cause as in the badgers. The ferret is simpi) 
a domesticated variety of this animal. There are three other 
native species of marten: (i) the Stoat (Pit/orius ermiuea), which 
in its winter coat is known as the Krmine; (2) the Pine Marten 
{Muslc/a 7 fiartt's)\ and (3) the Weasel [Putonns vu/^aris), which 
is smaller than the rest (fig. 65). The Stoat and Pine Marten are 
found in Ireland as well as in Great Britain. 

The Sable {J/us/c/a zibellitid) of Russia-in-Asia is the most 
valuable fur-yielding member of the group, while the Cdutton 
{GhIq borealis) of the Arctic regions has earned an uneiu'iable 
reputation for voracity, though this has been much exaggerated. 

Otters are Mustelines adapted for an acpiatic life, as seen in 
the flattened tail and webbed feet. Our native species, the 
Common Otter {Lntra zmlgaris), is found both in Iturope and in 
Asia north of the Himalayas, including Japan. 

11. PiNNU'UDKs (fig. 66) include sea -lions, walruses, and 
ordinary seals, in all of which the limbs are converted into flippers. 
In the first two grou[)s the hind-limbs can be turned forward to 
assist in a clumsy sort of progression on land, but in the seals 
proper they are permanently turned backwards and bound up by 
folds of skin with the tail so as to form a fin. 

The IValrus (Jl^'ichcchiis rosmarus) of the Arctic regions is 
remarkable not only for its flipper-like limbs but also in th(‘ 
reduced arid specialized nature of its dentition, which is adapted 
for obtaining and crushing shell-fish and sea-urchins. P'ront teeth 
are altogether absent in the adult, and the upf)er canines are great 
tusks with which the food is dug up, and which also serve as 
weapons. There are ten cheek teeth with flattened crowns, three 
on each side above, and two on each side below. 

The Sea-Lions or Eared Seals, so named from the presence of 
a small pinna, range all round the world in the colder parts of the 
southern hemisphere, and arc also found in the North Pacific. A 
good type of the group is Steller’s Sea-Hon (Otaria Stcllcri)^ which 
is most abundant in the neighbourhood of Behring’s Straits, from 
which it ranges south to California and Japan. Its sharp-pointed 
teeth are well suited for the capture of fi.sh. 

The Tme Seals are more thoroughly adapted to an aquatic 
life than the two other groups of Pinnipedes, and have a much 
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wider distribution, being absent only from the shores of the East 
Indies and Africa. They are also found in some inland seas, as 
the Caspian, the Sea of Aral, and Lake Baikal, which is one of 
the proofs that these were formerly connected with the Arctic 



(. — Piiinipedes i, Larcd bciK 2 Common Seal (/'tacaj 


Ocean. Like Ue sea-lions, they are adapted for preying upon 
fish. Five spec>s of seal are known to British waters, of which 
the Common Sal (Phoca vituhna) may be mentioned. The 
commonest sort x the seas of the far north is the Greenland Seal 
{Phoca Grcenlanoca), one of the chief victims to seal-fishers. 

Order 6— Whales and Porpoises (Cetacea) 

The Cetacean^^are mammals which are completely adapted 
tor an aquatic life,>eing .so much modified for that purpose as to 
be commonly mistaen for fishes, which they superficially resemble 
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in the general form of the body. Hair is practically absent in 
the adult, though there may be a few stiff bristles in the neigh- 
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bourhood of the mouth, but the lack of a protective external 
covering is fully compensated by the thickness of tlC‘ skin and by 

the presence of a thick la^r of fat (blub- 
ber) underneath it. A ta? fin is present, 
but this, instead of bcinuf flattened from 
bide to side, ris in a fish, I flattened from 
above downwards, 'rhefore limbs have 
been converted into pafllcs, [)resenting 
externally no trace of dijfts, and the hind 
limbs have disappearedjthough traces of 
them are to be found onfissection. There 
may be one or two n»rils, situated, for 
convenience in breath jti on the top of 
the head. Cetacea fee/on other animals, 
ranging from compar|ively large forms 
to small creatures which are found in huge she 
The Porpoise (PAacana communis) (fig. 



Fig 68 — Ralecn in the 
Jaw of Whale 

a Secuon of a portion of the palate nf 
a whalebone whale, shownf three baleen 
plates h. The airangeneac of the baleen 
plates on oppome MdM of the jaw. 


1), which possesses 
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numerous simple teeth, is a familiar British species, while the 
Greenland or Right Whale {Balcena mysticetus) is an example 
of the large toothless forms, which feed on shoals of minute 
marine organisms, from which the water is strained by numerouc 
plates of whalebone (baleen) projecting downwards from the 
palate (fig. 68). 

Order 7. — Sl•:A-Cow^ (Sirenia) 


This small order includes only two living genera of aquatic 
mammals, inhabiting the shores of the Atlantic and Indian Oceans, 



Fif f.g.— The Man.iii-c JZ/f. 


and also making their way up some of the large rivers. As might 
be expected, consitlering their mode of life, they are shaped not 
unlike Cetaceans, with which they agre* in the general shape of 
the body, absence of hind-limbs, and possession of a horizontally- 
flattened tail fin and flipper-like fore-limbs. They are not, how- 
ever, quite so much^ specialized, for there is a fairly- well -marked 
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neck, and the nostrils are situated at the end of a broad muzzle, 
provided with thick fleshy lips beset with moustache hairs. There 
are also eyelcishes, and the thick skin is covered with short stiff 
hairs. They subsist entirely on vegetable food, and simple 
grinding teeth are present in both genera. A pair of mammary 
glands are found on the breast. 

The Dugong {Halicore Dug 07 tg) is i6 or feet long, and 
frequents the shores of the Indian Ocean, while the somewhat 
smaller Manatee (Manatiis) (fig. 69) is found on the west coast 
of Africa and the east coast of America, from the Gulf of Mexico 
southwards. A certain interest attaches to these creatures from 
the fact that they appear to be the chief foundation for legends of 
mermaids and mermen. It requires a pretty vivid imagination, 
however, to see any resemblance in these uncouth animals to 
the golden-haired conventionalities which have gradually been 
evolved from the inner consciousness of artist and poet. 


Order 8. — Elephants (Proboscidea) 


These familiar mammals, the largest of existing land animals, 
are in many respects primitive in structure, particularly as regards 
the limbs, which possess five digits, united together into flat 
rounded feet, provided with a varying numl>er of small hoofs. 
The limbs are very thick and pillar-like, being thus enabled to 
support the enormous weight of the body. Elephants, however, 
are very highly specialized as regards the structure of the head, of 
which the mx>st striking feature is the trunk, or prolonged snout, 
at the end of which the nostrils are situated. The uses of this 




remarkable organ 
are innumerable, 
and there can be no 
doubt that its de- 


r*. Last Lower Tooth fmolar) of Indian Elephant, b, I.ast I ower 

Tooth ^molar) of African Mephant 


velopmcnt has led 
to a corresponding 


growth of intelligence. The teeth are highly peculiar, only two 
kinds, incisors and molars, being present. Of the former only an 
upper pair exists, modified in the male, or it may be in both sexes, 
into the well-known tusks, which are composed entirely of ivory or 
dentine (see p. 35). The molars are enormous, and possess broad 
grinding crowns, provided with numerous transverse ridges (fig,. 70). 
For the most part only four are in place at once, one on 'each side 
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ot either jaw, and they are replaced by others which grow from 
behind and gradually push out their predecessors as these get 
worn away. It is scarcely necessary to remark that in the vast 
majority of mammals teeth are succeeded by others which grow 
up vertically below them. The skull of an adult elephant is of 
remarkable form, and the cranium is much larger than the brain 



rig. 7t^-'African Elephant \hUpkat A/hetmit*). {From an ui^tantancout pliotograph] 


which it contains, owing to the excessive development in its 
roof of air-chambers separated by complex bony plates. It 
may lastly be noted that the thick skin is but sparsely covered 
with hairs, and that the mammary glands are situated between the 
foredimbs. The food consists exclusively of vegetable matter. 

Elephants are now represented by only two s[)ecies, one the 
Indian form [Hlephas J 7 idicus), found also in Ceylon, Horneo, 
and wSumatra, while the other {E/tpkas Afn'camis) is limited to 
Africa south of the Sahara (fig. 71), 

Order 9. — Conies (Hyracoidea) 

This small order includes only certain little creatures abciut the 
size of a rabbit, which inhabit the descits of Africa and Syria. 
The general resemblance t6 a rabbit is seen chiefly in the cleft 
upper lip, and the presence of two long upper incisors which grow 
contmuously, while canine teeth are entirely absent In the 
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character of the cheek teeth, however, and in the nature of the 
digits they are much more like the tapir and rhinoceros. Each 
fore-foot has four toes, and each hind-foot three, all of which, 
except the innermost toe of the hind - foot, which is clawed, 
possess small rounded hoofs. 

The “ coney ” of the English Bible, otherwise known as the 
Syrian Hyrax {Pi'ocavm Synaca) may be taken as a type. “ The 
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conies are but a feeble folk, )et make the\ their houses in the 
rocks" (Prw. xxx. 26). The illustration (fig. 72) represents a 
similar species, the Abyssinian Hyrax {P. yl 6 ys:>ini((t). 

Order 10. — Hoofed Mammxls (Ungulata) 

This very large and important order includes animal^' in 
which the limbs are modified for the sole purpose of terrestrial 
progression, while the organization generally is adapted to the 
herbivorous habit, as more particularly seen in the grindin^> 
crowns possessed by the cheek teeth. 

Two sub-orders are recognized: I. the Odd-toed Ungulates 
(Perissodactyla); and II. the Even-toed Ungulates (Artiodactylg) 
I. Odd -TOED Ungulates (Perissodactyla). — This sub -order 
embraces the three families of: i. Tapirs, 2. Rhinoceroses, and 
3. Horses, in all of which there is an odd number of toes on the 
hind-foot, and generally on the fore-foot as well. A mufh more 
important distinction, however, is found in the fact that the third 
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digit dominates over the rest and is symmetrical in itself, con- 
tinuing the direction of the limb-axis. 

I. The Tapirs in general appearance are not unlike large pigs, 
but the symmetry of the feet is quite different, and so is the 
number of the toes, there being four on the front, and three on the 
hind foot, all provided with hoofs. A pig has four toes on ever> 
foot. The snout is drawn out into a short proboscis, which 
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suggests what the incipient proboscis of the ancestors of elephants 
was probably like. Tapirs present a remarkable case of the 
phenomenon known as “ discontinuous distribution ”, where a 
species or some larger group inhabits two or more areas more 
or less remote from one another, while i; is absent from the 
intermediate space. In this instance the disconnected areas are 
South and Central America on the one hand, and the Malay 
region on the other. The species commonly seen in zoological 
gardens is the Brazilian Tapir (Tapirtis Americanus) (fig. 73). 

2. Rhinoceroses are huge clumsy - looking animals of little 
intelligence and surly disposition. The massive head, borne on 
a short thick neck, is characterized by its small eyes, oval erect 
-ears, and one or two unpaired horns on the upper side of the snout. 
It is indeed the possession of such a horn which is the most 
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striking feature, giving the common name of the animal (Gk, 
rlitnds, of the nose; kdraSy a horn), and it is probably responsible 
for the creation of the legendary unicorn. 'I'his defensive structure, 
when examined microscopically, is seen to be made up of in- 
numerable horny fibres cemented together, and it has been apll> 
compared to a big wart, for there is no connection between it 
and the underlying lx)ne. The African nati\’Cis have a curious 
superstition that cups made from this horny material destroy th(‘ 
potency of any poisoned drink which may be pour^xl into them. 

Kach one of the four extremities ends in tince toes, pr()\'idc‘d 
with strong hoofs, there being thus a reduction in the forv^ f(M)t 
as compared with tapirs. 'I he skin is exceed, iiv.dy thick and but 
scantily provided with hair, though there is a well marked tuft 
on the end of the short tail. The snout is not j)n»duccti into a 
proboscis, but the upper lip is extremely ilexible. I'he Kx'th arf‘ 
well adaj)tcd to a vegetable diet, for the g?ind«Ts have broad 
crushing crowns of peculiar and character iotic pattern, lipper 
canines are absent, and sometimes lower on(‘s tor). There is 
much variability in regard to the front teeth, and in the adult 
these may be absent altogether. 

The group is at the present time confined to South Asia and 
Tropical Africa, and typical species are the one-horned Indian 
Rhinoceros {Rhinoceros Indicus), in which the thick skin is dis- 
posed in remarkable armour-like folds, and the Common Rhino- 
ceros {Atelodus bicornisY of Africa, the skin of which is relatively 
thin and devoid of fold.s, while there are two well-developed horns 
placed close together. 

3. Horses and their immediate allies are decidedly the* most 
highly specialized of the odd-toed l-ngulates. All the li\ ing 
species belong to the single genus liquits, the* e\lernai charactcTs 
of which are too w^ell known to need description. It may, howi'ver. 
be noted that the long legs, well suited for swift running, })ossess 
but one externally visible toe, corresponding to the middle one of 
five-toed forms, and provided with a rounded hoof. The front 
teeth are well developed, and each of them has a deep indentation 
in the crown, which gets filled up with fragments of the food, 
and is the cause of the black central area commonlv known the 
•mark”. The canines arc reduced and often absent in the 
female, but the cheek teeth are numerous, and their flattened 
crowns exhibit an exceedingly complex pattern. 



THE INDIAN RHINOCEROS KRluHoteros I/uhcus) 

The living species of Rhinoceros aie native only to Afiica and 
South Asia, although, as shown by geological evidence, animals 
of the kind were once very widely distributed, and some of them 
inhabited prehistoric Britain The group is known to ha\e oiigi 
nated in North Amcnra The common Indian specicb repi evented 
ranges from Bengal to Cochin China, and is the kind which 
figured in the gladiatonal displays of the ancient Romans It is 
distinguished by the possession of a single horn upon the nose, 
and armoui like folds in the thick skin 


5 




THE l\DiA\ =;hiNCCEROS (RHINOCEROS INDICUS; 


MAMMAIJA 


107 


The* clomesticcitcd Horse {^Hquus caballns) has such a long 
history of captivity that its anc(*stry is obscure, and it is by no 
means certain that all horses have descended from one stock. 
It is, however, generally believ(‘d that one original stock was 
Asiatic, and pe rhaps the I'arpan or Wild Horse {hquuis iarpan) 
of Central Asia comes nearest to this stock, though even that is 
far from being certain. IViM Asses ure found l)oth in Africa and 
Asia, and the domesticated form familiar to us comes nearest 
to an Asiatic species, the Onager (Iiqiins oiiaotjy which ranges 
ffcim Asia Minor to India. The domestic asses of l{gypt and 
Al))ssinici, however, more closely resemble the African Wild Ass 
(/:y////s lcciuopn\\ native to the region between the Red Sea and 
Nile The remaining living equines are lliosc* slrijied African 
spc‘ci( s known as Zebras or 1 iger Horses. d'he kind most 
commonl) seiMi in /ooUigical gardens is Hurchc*!) s Z(‘l)ra [liquas 
H141 1 /i( //i), iitnls of which ar(‘ still to be found in the grassy 
jil.uns to die north of the Orange River. 

11. Tmn ioi o I NcaiAfis (Artiodacty l«i). — This large and 
lm[)oitant grouj) of liiigul.Jtes mclud(*s not only nian\ valuable 
domesticatetl forms, such as swine, oxen, goals, sheep, and camels, 
l)ut such familiar types as hippopotamus, anU‘lojH‘s, llama, and 
giraffe I'he e\en number of th(‘ toes is a character of far less 
mi])ort<ince th.in the s)mmetry of the foot, there* being no single 
digit which is sMiimetrical in itself, like the third or middle one 
in tile prt‘cc*ding group. 

Two set lions aie recogni/cxl — A. Non-ruminating fomis, and 
Ik RumiiitiiUs. 

A. Non-R2t7}nnatiuf^ Fomis 

This includes, i. the Hippopotamus Famil), and 2 . the Pig 
I\imil), in neither of which are the digt'siivc organs modified for 
the purpose of ruminating or “chewing the cud”. Thc> belong, 
therefore, to the “unclean animals” c^f the Levitical law, despite 
iheir cloven feet (Lev. xi). 

T. The Hippopotamus Family is entirciy confined to the ri\ers 
t)f Africa, with the adjacent swampy ground, md is represented by 
two living species, i,e, the small Liberian Hippopotamus {Hippo- 
potamus Liberiensis), limited, so far as known, to Liberia, and the 
Common Hippopotamus {H. amphibius), the large form frequently 
seen in captivity, which has a much wider range. The appearance 
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of this huge lumbering creature, which weighs about 2% tons, 
suggests a parody on the pig, or a large barrel mounted on four 
stout ungainly legs. Each foot possesses four toes provided with 
rounded hoofs. The head is enormous, and 
■ST the snout greatly swollen. The thick skin is 

almost devoid of hair, and is thrown into folds 
in/ above the limbs. Those who have noticed a 
M'l captive hippo open its tremendously wide mouth 
will have seen a truly terrific dentition dis- 
^ played. Above are four peg-like incisors flanked 
by large canines, while below there are two 
, !/ ff huge cylindrical incisors, two smaller incisors, 

i i and formidable tusk-like canines (fig. 74). A 

complement of grinding teeth is present, 
t/i [ir h..ek te«h on^m aiul thc largc molars, when their crowns .ire 

.ilU nJ Cl' kcJ, 1 III \M>n\ ilow n 1 'I*' I 

iv- s, i. tci I'u.tiu tic worn, exhibit .1 pattern resembling a ilouble 

npji* 11 II. <« v.f rlovcrliiv.s ‘ 

1x11 icnribvbindsof. Mimi tretoil. I lic 111 ppopot<i 111 US w.is Well known to 

/, 111! isors t, (..UMiirs , . i • i i i i • 

th(* ancK'nts, and is the behemoth of Scripture. 

2. The Pi^ Fa))iily h.as a wide* tlistribiition both in th(‘ Old 
and the New' World. Well-marloxl filatures are the bristly skin, 
flexible snout tipped by a fleshy disc within which the nostrils 
open, teats extending right along the under sitle of the body, and 
legs of moderate length and thiikness. There are four lot's on 
each foot, the two central ones only reaching the ground, ant! 
being of relatively large si/e. Fhe most illustrative typt‘ is the 
Wild Hoar (Sits scrofa), once a native of Hritain, and which at 
the present time ranges throughout Europe, Asia, and North 
Africa. It appears to be the tiriginal stock from which the 
domestic pig has been derived. The teeth arc numerous and of 
primitive type, the points of greatest interest being the tusk-like 
canines, all four of which are upwardly directed, and the grinding 
teeth, which possess tuberculated crowns. 

In Africa south of the Sahara the Wild Boar type is replaced 
by forms in which there are swellings on the face caused by 
underlying bony projections. These are comparatively small in 
the Red River- Hog (Potamockocrus penicillctus) of Guinea, which 
is further distinguished by a tuft of hair at the tip of each ear , 
but in the IVart-Hogs they are of large size, and give the enor- 
mous head a particularly forbidding appearance. There are two 
species, one (Pliacochoeriis ^Ethiopicus) being found at the Cape, 
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while the other {Ph, Africatms) is much more widely distributed. 

In Celebes and the adjacent islands a remarkable pig is found 
known as the Babirussa {Porcus babirussa), in which the lower 
tusks are like curved daggers in shape, while the upper tusks 
curve back over the face almost like horns. The natives say 
that the animal hangs itself up by these when it wishes to sleep 
poac efully. 

In America, from Mexico southwards, the pigs are represented 
by small forms called Peccaries, one species being the Collared 
Peccary {l^uotylcs ior^/ua/i/s) 


B. Rumtnayits 

rh(‘ members of this section agree with the pigs in possessing 
on (M(h foot only two toes which reach the ground, in addition 
to which there may or may not be two smallc^r digits, but they 
dificr marks dly iVvim pigs in the greater length of their limbs, 
which arc eminently ad«apted for rapid progression. The most 
chfU.u tei istic feature, however, is to be found in the possession of 
a very con\ple\ stom«u'h, adaptcnl for ruminating; iu, the food is 
first swallowed without chc'wing, and then returned to the mouth 
in succ(‘ssivc portions for leisurely mastication in a safe place. 

1 he chec k teeth have grinding crowns, provided with crescentic 
1 idges, and (except in camels) the upper incisors are replaced 
l)y a h.ird pad. The following families together constitute the 
‘ection: i. Chevrotains; 2 Deer; 3. Prongbucks; 4. Oxen and 
iheir allies; 5. Ciiraffes; and 6. Camels. 

1. The Chrurotains arc a restricted group, including the 
smallest and least specialized ruminants, approaching the peccaries 
in some structural features. In appearance they suggest diminu- 
tive hornless deer, and on this account are sometimes called 
Mouse- Deer. There arc no upper incisors, and the upper canines 
of the male are slender, downwardly-directed tusks. Of the six 
existing species five belong to the genus Tragtdus, and are 
distributed through South Asia from India eastwards. I'he 
smallest species is the Malay Kanchil (Tragulus Javanicus) (fig. 
75), than which only one other Ungulate, ’ " the Royal Antelope, 
is of less size. The sixth species of this family is the Water 
Chevrotain (Dorcatberium aquatic 7 im), which is only found on the 
west coast of Africa. 
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2. The Deer Family includes a large number of species, widely 
distributed throughout both hemispheres, though absent from 
Africa south of the Sahara. There are four toes to each foot, 
.ill being provided with hoofs, but the supporting bones ot the 
extremities are rather more specialized than in the Chevrotains. 
The leading characteristic of the family is undoubtedly the 

possession of antlers 
by the male in nearly 
.dl cases These sti uc 
tures are esse ntially 
bony outgrow tils from 
tht skull which are 
annually shed, and in 
many cases become 
more compk \ m 
shape eaeh successive 
yt ar so as to be an 
mdieation of age 
I he young antkis 
are composed of liv 
mg bone and aie 
covered by a continu 
ation of the skin ( the 
velvet ) Whin their 
full si/e is attuned 
the base of the antler 
grows out into a ring 
like projection (the 
“ burr ’*), cutting off 
the blood-supply from the skin, which consequently peels off from 
the underlying bone, causing this to become dead and hard A 
further characteristic of deer is the presence of a pit in front of 
each eye, within which certain glands open. 

It is convenient to first mention the Musk Deer {Mosekm 
moschtferus, because it differs considerably in structure from all 
other members of the group, having, eg,, a less complex brain, 
and possessing a gall-bladder, which organ is absent in other 
deer There are no antlers, and the upper canines of the male 
resemble those present in Chevrotains. Most of the musk of 
commerce is obtained from a pouch situated pretty far back on 
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the under side of the body in the malfe. Mbsfc Deer «ire dative 
creatures inhabitinj^ the high land of Central Asia 

The Chinese Water Deer (Hydropates tnervns), which li\es 
on the banks of the Yang-tse-Kiang, shares with the preceding 
species the two primitive characters of tusk-like upper canines 
and absence of antlers in the male. This does not, however, 
indicate any special relationship between the two forms. 

The Red Deer (Cervus elaphus^ is still numbered among 
British mammals, though in the wild state it is now restricted 
to the remoter parts of Scotland 
and Ireland, with isolated patches 
in England. It is characterized by 
the complex antlers (fig. 76), which 
have a brow -tine projecting over 
the forehead, a bez-tine above this, 
and, in mature specimens, a terminal 
cluster of twelve or more points. 

Outside Britain this species has a 
wide distribution through the tem- 
perate parts of Europe and Asia. 

The large Wapiti (so-called “Elk”) 
of North America (Cervus Canaden- 
sis^ is closely allied to the Red Deer. Ranging at one time over 
most of North America, it is now restricted to the mountainous 
parts of the Western States and to British territory in the north. 

The familiar Fallow Deer (Cervus dama) is not a native of 
these islands, though introduced at an early date, but is indigenous 
to the Mediterranean countries. It is much smaller than the Red 
Deer, and the antlers are of different formation. They are said 
to be “ palmated ”, i,e, ending in a broad expansion divided into 
points, and compared to a hand witii its fingers. Below this 
expanded portion is a branch called the trez-tine, and a good way 
below this a prominent brow-tine juts out. 

Great interest attaches to the Reindeer (Rangifer tarandus) 
for several reasons, one being their great importance to certain 
primitive peoples as domestic animals. At the present time 
they are limited to the northern parts of both hemispheres, 
but in prehistoric times, when the climate of the northern hemi- 
sphere was much more rigorous than now, their range extended 
much farther south, as evidenced by remains found in the 



Fig 76 ->Anner» of Red Deer 
br Bruw tine btt bez tine m r antler royal 
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caves of Britain and other countries. Indeed they were so 
characteristic of a stage in human history, when carefully-chipped 
stone weapons and implements had replaced the cruder attempts 
in this direction, that the term “ Reindeer Age ” is often applied 
to the period in question. A marked peculiarity is the presence 
of antlers in both sexes, these structures being of great length 
and set on far back. There is a brow-tine, greatly developed 
and branched in the male, just above this a bez-tine, and then a 
long beam, the end of which is palmated. The two antlers are 
commonly markedly unlike one another. The main hoofs are 
very broad and flat, and separate when the feet are brought to 
the ground, afterwards clapping together in a curious way when 
the feet are raised. 

The largest living species of deer is the Elk or Moose {Alces 
machlis^, the distribution of which roughly corresponds to that 
of the reindeer, though it does not range into those extreme 
northerly regions from which trees are absent. The long head 
terminates in a muzzle of curious humped appearance, suggesting 
a Roman nose ; the neck is short, and the body slopes markedly 
from front to rear. The long legs are provided with broad hoofs. 
.\Liny peculiarities are presented by the massive antlers, which, 
beginning with short beams devoid of tines, expand laterally into 
broad palmated portion^. A curious feature of the male is the 
presence of a flap of skin hanging dovm from the under side 
of the neck. 

T he remaining species of which space permits a mention 
is the little Roe Deer {Capreolus capred), our second native 
form, though now only found in Scotland as a truly wild animal. 
f^Vom Britain it ranges east through Europe into Persia. The 
rough antlers are of simple conformation. The beam rises 
vertically from the top of the head, gives off a front tine about 
the middle of its length, and then curves back to end in a simple 
fork. 

3. The Prongbuck Family contains only the single species 
{Antilocapra Americana), to which it owes its name (fig. 77). 
It is a small active animal found in the temperate parts of western 
North America. Although in appearance suggesting a deer, its 
affinities are rather with the antelope section of the family of oxen. 
The horns, however, present a remarkable peculiarity, for though 
they consist of bony cores covered by homy sheaths, as in an 
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antelope, they are shed annually, which is not the case with the 
List-named form, and a further difference is seen in the presence 
of a small front branch. The two peculiarities mentioned 
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suggest antlers, but otherwise there is no reason lor classifying 
t’rongbucks with the deer 

4. The Ox Family is an exceedingly I«irge one, including those 
firms which are commonly known as hollow -horned ruminants 
(Cavicornia), because the unbranched horns, which are never shed, 
I onsist of hollow horny sheaths borne upon bony outgrowths from 
the skull. They may be present in both sexes, or else restricted 
to the male. The upper incisors and also the canines are absent, 
their place being taken by a horny pad against which the lower 
front teeth bite, as in deer, prong-bucks, and giraffes. The feet 
are much like those of deer, each possessing two large toes shod 
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with hoofs, two other toes bein^ commonly represented by small 
hoofs, though these may be in this case absent altogether. The 
family not only includes (i) oxen in the widest sense, but also 
( 2 ) sheep, ( 3 ) goats, and ( 4 ) antelopes. W’ith but few e.'cce[)tions, 
these are found only in the (31d World. 

(i) As in the case of so many other domesticated forms, there 
is considerable doubt as to the ancestry of European oxen {Jhs 
ianrns), but there can be little doubt that the.se are largel) 
descended from the Auroch or ITus {Bos primigenins), which was 
hunted by prehistoric man and existed as a wild species .so late 
as the twelfth century, though they are now' known only as half 
wild cattle of comparatively small si/e. the best known of thesi‘ 
being the herd preserved at Chillingham in Northumberland. 
In this case the mu//les and e«irs are red (th(^ugh at an earlier 
date they were black), while the rest of the body is white. 

A different origin must be sought for the humped lattle ol 
Africa and India, the latter often receiving the name of Z(‘bii 
{Bos indicus). It has been claimed that these are desccsided from 
an African stock, though this is only conjectural, and it may lx* 
observed that there are several wild species of Asiatic oven which 
exhibit the humped character to a greater or less degree. 'This 
is the ca.se, for example, with the Ciaur {Bos gannts^ of India and 
h'urther India, to which the name ‘ bison” is often misapj)Iied, 
and the Yak {Bos griinniens) of Thibet, distinguished by its long 
hair and hor.se-like tail. • 

The group of Bisons, to which in .somt^ respects the Yak 
approximates, are distinguished by .several special features, among 
the most striking of which are the great disproportionate height 
of the front part of the body and the projection of the back of the 
head above the origin of the horns. The European Bison {Bois 
bonassus\ once abundant, is now practically restricted to Lithuania 
and the Caucasus, and appears doomed to e.xtinction, like the 
American Bison {Bos Ai^iericanus) (fig. 78 ), which existed in 
countless herds at no very remote period. Under the name ol 
“buffalo” this animal plays a large part in various kinds o! 
literature dealing with North America. 

Buffaloes, using the term in the strict sense, are stoutly-built 
oxen with broad snout, .strong thick horns, and large fringed ears 
set on rather far down. The hair is comparatively coarse and 
scanty, and the long tail is tufted. The group is characteristic 
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of the warmer parts of the Old World, and the most powerful 
species is the Cape Buffalo {Bos €affer\ which has a wide distri- 
bution in Africa. While in this form the broad bases of the 
horns meet together in the middle, the long backwardly-directed 
horns of the much smaller Indian Buffalo {Bos bubalus) are 
separated by a wide interspace. As a wild animal it is confined to 



Fig 78 —The American Bison [tos Amr^ranut] (From an m&tantaneouv photo^i iph 


India, but in the domesticated condition has a wide distribution 
through south-east Asia, and has also been introduced into Asia 
Minor, Egypt, and Italy. 

The Musk Ox {Ovibos moschahis) (fig. 79) with its ram-like 
horns is more of the nature of a sheep than an ox. At the present 
time it is restricted to the arctic parts of the western hemisphere, 
and it is remarkable that so large a creature is able to find a 
sufficiency of vegetable food in such inhospitable wilds. Its name 
is due to the peculiar musky flavour whu h the flesh possesses 

(2) Sheep resemble oxen in many respects but are much 
smaller animals, and the neck bends sharply up, so that the head 
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is carried comparatively high. Although in many wild forms 
horns are present in both sexes, those of the male ane specially 
characteristic Their form is more or less spiral, with the tips 
turned outwards; they are triangular in section, and marked by 
numerous transverse wrinklings. The snout is pointed, and there 
is usually a glandular pit below the eye, the tail is short, and a 



Fig 79 — Th« Mu«k 0« {Ovt6a* matchntus 


bottle-shaped gland opens between the central toes of each foot. 
Of the eleven existing wild species nine inhabit the mountainous 
parts of Europe and Asia north of the Himalayas, while the 
remaining three belong respectively to North-west India, Ncwth 
Africa, and North America. The Bighorn {Ovis Canadensis) 
and Mouflon ((?. musimon) may be taken as illustrations. The 
former ranges through the mountains of western North America 
from Alaska to Mexico, while the latter is at the present time only 
found in Corsica and Sardinia. 

The same doubt attaches to the origin of tame sheep, which 
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h.ive been domesticated from prehistoric times as to that of most 
other farm animals 

(3) (joats a^ree with sheep m many respects but in typical 
cases are distini^uishecl by the concavity of the face, peculiar hard 
patches on the knees, absence of glandular pits belo>\ the eye and 
lack of hoof glands in the hind-feet 1 he male is characterized 
by a peculiarly unpleasant odour, stronj^ backwardly cur\(d horns, 
often with a corrugated surface, and a tuft of hair on the chin 

I he j^roup is essentially characteristic of the mount*imous axis of 
th( Old Woild fiom Spain eastwards to 1 hibet and North China 
Init ()utl)in^ specKs occur in South India Africa, and Noith 
XiiKiici I he species known as the Ik/oar (joat or Grecian 
llx\ {Lapra aoa^ia) which langes from some of tlic Greek 
isl inds (astwaids to I’ersia where it is called the pasanej^ is 
mt(ustini| IS l)( mo piohably the chief stock fiom which the 
Donustiv. Gc It {^Lap)a Jitua) is derive d Cioats ai( known to 
have been tuned fiom ver) carl) times and Homer m desciibini^ 
those of the ( )cl()j)s was no doubt alluding to this particular 
sjKCRs which forme rl\ hid <i much wider ran^e m (/rcece 

\mon^ oth( i specus m«iy be mentioned the Spanish Ibex or 
Wild (joit {(apui P\jLntii((i) the almost c \tinct \lpine Ibex 
{C i/k\) ihi Himaluan Ib( x [C Sibu aa) tind the Arabian 
lb( \ (6 Suitiiiua) I he solitary \merican specus is the Roek) 
Mount un (joU [f/ap/oa n)s montanus) which ranges throiu^h th( 
Rocky Mount uns from California to Canada It 1 not a vei\ 
tvpieal ^oat and foims one of a small ^roup of j^encra mcrmedi.itr 
m ch uaetei be tween t^oats <ind antelopes 

(4) Anttlopis constitute a lar^c i; roup of hollov horned rumi 
n.ints dilhcult if not impossible to define but including thex 
members of the family which are obviously neither oxen shcc] 
nor ooats There are, however, many transitional forms such as 
the one last mentioned under the headint]^ of goats I he group 
IS now characteristic of Africa, Syria, and Arabia, though there 
are a number of outlying species A typical antelope is elegant 
m form with head carried well alx)ve the body and beariiu 
graceful horns, prominently ringed, and straight, simpl) curved 
or twisted The bony horn-cores are of more solid natuic than 
in the other divisions of the ox family and theie is frequently, as 
in sheep a glandular pit below the eye 

The Chamois {Rupnapia hagtn) is one of the transition forms 
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between goats and antelopes, so that it may be placed indifferently 
in either of them. It ranges from the Pyrenees to the Caucasus, 
and is the only animal in West Europe which has any claim to the 
name of antelope. A characteristic feature is seen in the sharp 
hook-like termination of the short black horns. 

Among the most graceful members of the group are the small 
desert forms which, under the name of GazelL^, have been immor- 



Fig 8o I he Saiga Antelope \Cotus nrtan uj) 


talized by various poets. The Dorcas Ga/elle {Gazclla docas), 
which inhabits North Africa, Syria, and Asia Minor, is perhaps 
the best known kind. Other species are the Persian Gazelle 
{G. subgttUitrosa), the Indian (ia/elle (G. Bennetii), and the 
Arabian Gazelle (G, Arabicd), 

Probably the most remarkable looking antelopes are the 
Saiga Antelope {Co/us TartaricvS) and the Wildebeest or Gnu 
{Caioblepas gnu). The former, which looks as if it suffered from 
badly-swollen face (fig. 8o), ranges from the steppes of Russia-in- 
Europe to the Altai Mountains. % Apart from the Chamois it is the 
only European antelope. The Gnu (fig. 8i) is an inhabitant of 
South Africa, and looks like a mixture of buffalo and horse, being 
endowed with the head of the one and the tail of the otlier. 
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5. The Giraffe Family includes the Okapi {Qkapia Johnstoni, 
see voL ii, p. 170), and the Giraffe (Gtraffa Camelopardalis). 
The latter is found in desert and semi-desert regions to the south 
of the Sahara. The more familiar South African variety (fig. 82) 
is marked with conspicuous brown blotches upon a tawny back- 
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ground, and this, suggesting the mai kings of a k^opard, has given 
rise to the alternative name of Camelopard by which the animal 
is often known In the variety living farther north the colours 
are reversed, so to speak, the background being brown, but the 
tawny hue is disposed not in patches but a close network of lines. 
U nfortynately, it appears to ^ one of the many species doomed 
to complete extinction at no distant date. 

The giraffe rejoices in the distinction ol being the tallest living 
mammal, adult bulls sometimes measuring as much 19 feet from 
the top of the head downwards. This unusual height is partly 
due to the great length of the neck, and partly to the relatively 
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greater height of the front part of the body. The head is de 
cidedly graceful, the long tail is tufted, and there is no trace ol 
accessory hoofs at the sides of the feet. As in sheep, &c., th." 
upper incisors and canines are replaced by a horny pad. A ver\ 
distinctive external feature consists in the possession of two short 
rounded horns, consisting of a bony core covered by soft skin. 
There is also a rounded skin-covered knob between the eyes. 



ti,; 'jrf . ‘1 he Giraffe (From an iiistnnl'incoik'i I )u*ii>^i iphf 


The protrusll^Ie tongue is extremely flexible, and serves as ,l 
grasping organ for seizing the twigs of trc(‘s. 

6. "I he Came/ Family is the last to be mt'ntioned under tlu* 
heading of Ruminants. The head is devoid of horns and placed 
at the end of a long curved neck. Tht* limbs are elongated, and 
each of them terminates in two toes only, while the hoofs an' 
replaced by pad -like swellings on the under side of the foot. 
Further characteristics are the split upper lip, incisors in the upper 
jaw, and well-developed canines both above and below. The 
family includes the camels of the Old W^orld, and the llamas, 
with allied forms, in the New World. 

Camels, which are now unknown as wild animals, though ad- 
mittedly invaluable domestic forms, are decidedly ugly if measured 
by our standards of good looks; nor do they make up by amiability 
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what they lack in beauty. Kipling’s faithful delineation of the 
“ gawd-forsaken oont ” is too well known to need quotation, hut 
the following vivid account of the purchase of a camel given h) 
Conan Doyle [Daily News of April 21, 1896) is prohahly less 
familiar. 

“ There are camels to be bought, and it is a study in Kastern 
ways to see the Daily News buying them. Some men have the 
gift of pantomime, and some have not. I know by experience* 
that 1 have not. On the occasion of an eclipse of the moon I 
endeavoured to explain the cause of it by gesture to an Arab. 

1 p()int(‘d to the moon and to the earth. Then I pointc*d to 
a horse and to his shadow. Presently the Arab rose and l)eg.ui 
to examine the hor.se s hind-legs, and I found that I had convinced 
Ihin that the creature was ill. I have given up g(*stur« s since ther.. 
But the Daily Nchls has all the Arabs energy of movement, with 
a good command of abuse, and some powers .is a p(‘d(‘strian. 
\\ ith ihest* gifts, one may buy camels. 

“ Ha\ing looked dc'preciatingly at the bc*ast -and )ou cannot 
ijk(* a b(‘tter model than the cre.'iture’s own expression ;is it looks 
at \ ou \ou ask how* much is wanted for it. The o\\n(*r sa\s 
sixteen pounds. ^’('^u then give a shrii'k )f derision, swei*]) your 
arm .icross as if to \\a\'e him and his camel out of )oiir sight 
lor ever, and. turning with .1 W’hisk, \ou set off rrq)idly in the other 
direction. I low far you go depends uprm the* price asked. If 
It is re'.dly ve*ry high, yeDu may not get back few your dinner. But 
as a rule, a hundred yards or .so meet the case, and you shape 
ye)ur ce)urse .so as to reach the camel and its eiwner. \’ou ste)p in 
fre:)nt of them anti look at them with a disinterested and surpriseel 
ex[)res.sie)n, te) intimate that you wonder that they should still be 
le)itering there. The Arab asks how^ much you will give. You 
answer eight pounds. 'Phen it is his turn to scream, whisk round, 
and do his hundred yards, his absurd chattel with his hornpipe 
legs trotting along behind him. But he returns to say that he will 
Like fourteen, and off you go again with a howl and a wave. So 
the bargaining goes on, the circles continually shortening, until 
you have settled upon the middle price. But it is only when you 
have bought your camel that your troubles begin. It is the 
strangest and most deceptive creature in the world. Its appear- 
ance is so staid and respectable that you cannot give it credit 
for the black villainy that lurks within. It approaches you with 
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a mildly interested but superior expression^ like a patrician lady in 
a Sunday-school. You feel that a pair of glasses at the end of 
a fan is the one thing lacking. Then it puts its lips gently 
forward, with a far-away look in its eyes, and you have just time 
to say ‘The pretty dear is going to kiss me’, when two rows 
of frightful green teeth clash in front of you, and you give such 
a backw’ard jump as you could never have hoped at your iige 
to accomplish. When once the veil is dropped, anything more 
demoniacal than the face of a camel cannot be conceived. No 
kindness and no length of ownership seems to make them friendly. 
And yet you must make allowances for a creature which can 
carry 600 lbs. for twenty miles a day, and ask for no water and 
little food at the end of it.” 

The Arabian Camel {Camelus dromedarius) is the common 
one -humped form of Africa and Asia, while the two -humped 
Bactrian Camel {C. bactriamis), a smaller animal, is characteristic 
of the desert regions of Central Asia. 

The American members of the Camel Family consist of two 
wild species, conveniently grouped under the head of Llamas, a 
term also including the two domesticated forms. These animals 
are smaller than camels and more gracefully built; they are also- 
devoid of a hump. The ears are pointed and comparatively 
long, instead of being short and rounded, the tail is very short, 
and the feet are relatively small as compared with the camel. 

Of the two wild species the anirnai known as the Guanaco 
(Lama guanacus) is larger and more heavily built. It ranges 
• om the mountains of Ecuador southwards to Tierra del Fuego. 
Il is probably from this species that the two domestic forms^ 
known as the Llama (Z. lama) and the Alpaca (Z. pacos), are 
descended. 

The second wild species is the comparatively small and 
graceful Vicunia (Z. vicunid), which ranges through the mountains 
of South America from Bolivia to Ecuador. 

Order 1 1 . — Gnawers (Rodentia) 

This widely-distributed order includes a larger number of forms 
than any other, all of which feed largely, and the majority entirely, 
upon vegetable food. The largest species does not exceed tlie 
size of a small pig, while some are extremely small. Most of 



1 }lh [ I AMA (I aimi lama) 

This ciniin.il w.is doniestuatcd in \cr) r'^morc times hy the 
ancient Peru i.ins, and c\cn no v i m iinport.nit btast of buidtn 
in the’iitgh \ndes ot Peiu and Bolivia, though the ouginal bleed 
has been icplaccd to a gieat extent In domesticated forms mtio 
duced from the t)ld World In foimer tones it was used m great 
numbers for the tianspori of silver ore fiom the famous mines of 
Potosi m lioUvi i, moie than 13/xx) feet above the sea. 

The Llama ma> bt dosnibcd as an Am»ntan cousin of the 
Cimcl, hi longing, as it does, to the same group {lylopoda) of 
Ruminants or Cud cheweis The earliest known members of this 
group were, hosvever, native to North America, fioiii whicli aiea 
the stoik spreid on the one hand into South America, and on thi 
other into the Old Woild, having since become extinct elsewhere 
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thdh'live upon the surface of the ground, but some burrow and 
soiUP^imb, while othere have taken to the water. The general 
organization is of rather a low type, but there is much speciali- 
zation in the most characteristic structures, i. e, the teeth. 
Rodents walk entirely or partly upon the soles of the feet, and 
the digits are usually provided with claws, though more rarely 
they possess small hoofs. The most striking feature regarding 
the teeth is the character of the incisors, of which in the adult 
never more than four are developed to a useful extent. These 
are large chisel-ended structures, growing continuously throughout 
life, as they are worn away by the constant gnawing which is 
so characteristic of the order. This is strikingly seen in the 
cases of unfortunate animals which have lost one incisor, as a 
result of which the corresponding tooth has nothing to bite 
against, and not being therefore subjected to wear, grows to an 
enormous length, ultimately killing its unlucky owner. A similar 
state of things may result from mdlforniation or accident if 
thereby the upper and lower teeth are prevented from coming 
together Canine teeth are always absent, ctud the cheek ret th 
are commonly reduced in number, and more or less adapted to 
act as grinders. There is an interesting feature, already alluded 
to (p. 28), regarding the jaw-joint, which permits of the free 
Iwickward and-fbrward movement necessary for gnawing. 'I'his 
is due to the fact that the condyles of the lower jaw are elongated 
from front to back, 
and fit into sockets of 
corresponding shape. 

There are four 
great groups of exis- 
ting Rodents, which 
may broadly be call^: 

I. Rabbits; 2. Squir- 
rels; 3. Mice; and 
4. Porcupines. 

, —Skull of Hare Obcerve the small upper mci&ore i' behind the 

I. 1 ne group Ot Uffe functional ones 1, cy coronoidpruceu, «.« lygomaticerch 

Rabbits, including 

also Hares and Pikas, is distinguished by the presence of tw^o 
small upper incisor teeth, situated immediately behind the two 
large teeth of the same kind present here as in all Rodents 
(fig. 83), It may also be adaed that the two bones of the lower 
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leg (tibici and fibula) are united together at their lower ends, 
rhree animals common in Britain may be taken as illustrations, 
i.e, the Rabbit, Hare, and Alpine Hare. 

The Rabbit (Lepiis cuniculus) (fig. 84), though so common in 
the British area, is believed not to be indigenous, and the s.ime 
may be said of many other countries where it now abounds. 1 ts 



t ig 8^—1 lie Kabbil I i MtucNfms) 


original home was probably in the area adjoining either shore 
of the western Mediterranean. Marked characteristics are gre- 
gariousness, burrowing habits, and the immature state in which 
the young are born. The Hare (Z. iimidus) is a larger animal 
which is not gregarious and does not burrow, while the newly- 
lx>rn leverets can see, and are scantily clad with fur. The 
black- tipped ears and very long hind-limbs are also noticeable 
features. Absent from Ireland, Scandinavia, and North Russia, 
the hare has a wide distribution over the rest of Europe from 
(ireat Britain to the Caucasus. The Alpine Hare (Z. variabilis) 
Jissumes a white or light- coloured winter coat. In the British 
cirea it is found in Scotland and the northern parts of England, 
while it replaces the common species in Ireland. From our 
islands it ranges across the northern part of the Old World to 
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Japan, and also from the Pyrenees to the Caucasus. Other 
species of hare are found in various parts of Asia, Africa, North 
America, and South America. 

Pikas^ or Calling Hares^ are small creatures somewhat re- 
sembling ^guinea-pigs, apparently devoid of till, and with rounded 
ears of small dimensions. They are gregarious, and, failing 
fissures in the rocks, 
excavate burrows. Most 
of the species inhabit 
the north and central 
p.iits of Asia, one of 
these, ihe Sib< nan l^ka 
(/ tioomy s . hpinns) (fit^ 

<S s ) 1 anging into Fasti 1 11 
h iitopi 1 In ii IS ilso 
om sjKCKs in \onh 
i K a 

I h( thiec i(‘mannnt» 

Lpoups of Rodint. 

Sijunrcls, Mi(f‘, and 
PoKupirus agree with 
one ancahci, and differ 
from labbits tUid then 
allies, in the number of 
the iiuisor tc-eth, these 
bcMPg only four in num- 
ber, two above and two 
below. 

2. The Sc^iuiRRiLs 
include forms In which 
the bones of the lower leg f^tibia and fibula) are not united together. 
Squirrels, Marmots, and Beavers are the representative types. 

Squirrfls, as well seen in the Common Squirrel {Sciurus 
vulgaris^, our native species, have a rounded head, from which 
large tufted cars project, a bushy tail, and extremities 

provided with sharp claws. The thumb is of very small size 
The range of this species includes the greater part of Europe. 
North and Central Asia, and North Vfrica. Squirrels of one 
sort or another are found in almost all hot and temperate coun- 
tries, Madagascar and Australia excepted. Ground-Squirrels, 
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which, as the name indicates, live upon the ground, are common 
in the colder parts of the northern hemisphere. Much resembling 
ordinary squirrels in appearance, they differ in the smaller size of 
the tail, the absence of tufts to the ears, and the possession of large 
cheek -pouches. They excavate burrows in the ground. The 
Common Chipmunk {Tamias striata) of North America is a 
good example. Flyivg-Sqiiirrels possess a parachute-like fold of 
skin on either side, much as in the Flying- Lemur (cp p. Sb). 
They mostly range from India to Japan, but are also reprcsent(‘d 
in North America Siberia, and h'ast Europe. The Brown M)ing- 

Squirrel {J^terovjyis pctan7'i\ta) is 
the largest specit^s. The AIncan 
Flying - Sfjuirrels ( hionialiDus)^ 
mostly natives of W c‘sl Aim i, 
diH( r iiom the preceding chniK in 
the structure of the' tail and ll\ ing 
membrane 

Least s([uirrc I lilv(‘ ol llu sf|ijii 
nl subgroup «ije th(‘ Susl oi 
(rophijs, foiiml m much th( -»,ime 
legions as th(* ground scjiiiinls. 
Th(‘V arf' burrowing ioims with 
large cheek pouches I h(‘ Coin 
moil Suslik i^SpLj uiophilits KitiUus^, 
which r.ingcs Irom kcntial T uiojx* 
to Siberia, hris a short tail .\nd \( ly 
small ears (fig 86). I he Sti ijicd 
(jopher (.S'. Iridf ceinlmcatu) of North AmcTica is soimwvhat 
better off as regrirds ears and tail, and is prettily markc*d with 
stripes and rc:)ws ot dots. 

M\K\roTs are more stoutly built than squirrels, their c«irs being 
smaller and their tails shorter, while cheek-pouches are pi'(*sent 
They are burrowing social forms, and their area of distribution 
includes the colder parts of the northern hemisphere A famili.ir 
European type is the Alpine Marmot {Arctomys marmot/a) of the 
Pyrenees, Alps, and Carpathians. A common North Americxin 
form is the Woodchuck (Arctowys monax). 

The Prairie Marmots of North America are closely related to 
the preceding. The best-known species is the Common Prairie 
Marmot, often called “prairie-dog” {Cynomys hidcnncia^ms), large 
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numbers of which inhabit the plains on the east of the Rocky 
Mountains (fig. 87). 

Beam'Rs are coinpiiratively large Rodents which spend a large 
part of their time in the water and are modified accordingly, the 
hind-feet being webbed, and the rudder-like tail flattened and 
scaly There are only two li\ ing species, one in Eurasia and 
the other in North America. The former, or European Beaver 



( C /id( j), at prcsiMit ranges iiom hrancc' to Siberia but was 

oiu e distnbut( d much more widcK, and in rcmi^tCT times was a 
memlxT of the Biitish faun«i, as attested by numerous remains. 
The Am(*ii(an B('a\er Ca^iaduisis) is now piacticalh 

limited io Can.ula, ihougli it once ^ \tencled over the greater 
ptUt of North .Vmerua. 

3. Mk 1 include a very large number of species, and are 
rc*]jresented in all parts of the world A characteristic anatomical 
feature is found in the union of the two bones of the lower leg 
(tibia and fibula). The group includes the following families — 
(i) Mice and Rats; (2) Mole-Rats; (3) Pouched Rats; (4) Jump- 
ing-Mice; and (5) Dormice. 

(i) The Afouse and Rat Family includes more species than 
the others, and unlike them is Cosmopolitan, being represented 
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even in Australia, from which all the other groups are absent. 
The tail is bare and scaly, the incisor teeth narrow, and the 
fore- and hind-limbs of about the same length. The thumb is 
much reduced. No less than eight species are found in Britain 
including rats, mice, and voles. The largest of these is the 
Common or l^rown Rat {A/us deciimamis^ which, like all 
memlx^rs of the same genus, has a long tail, and projecting 
tubercl(‘s on the crowns of the grinding teeth. It is supposet! 

to have been intro 

duced in the yeai 
’ 1 7 ^^o, and h. IS largt l\ 

oustt d tlu‘ smalh 1 
l)Ia(k Rat ( ]/ } lU 

tu\), which IS also 
an introdiK ( (1 (onn 
though the (lat(‘ ol 
its iirst airoal w<u 
nuu h jnoi(‘ n moK 
'1 lie most itimiliai 
ol our ini(( Is th( 
House Mouse* ( 1/ 
musiuhts^, distin 
guishcd by the* large 
si/e of its cli‘licat(' 
ftirs. The* W'ood 
Mouse, also callcsl 
the Long - ttiiled 
. Field-Mouse (J/ 

, sylvaticHs^, is very 
j similar in appear- 

fig 88 J he Water Vol« MnTotui ailCC , but Can b( 

distinguished by its 

white under-surface. The little Harvest-Mouse (d/. minutns), the 
nests of which are often found suspended from corn-stalks, is 
the most diminutive of our native mammals, the smallest shrew 


alone excepted. Voles, of which three species are native to 
Britain (but not Ireland), are distinguished from rats and mice 
by their clumsier proportions, shorter limbs and tail, and blunter 
snouts. They feed entirely upon vegetable matter, their back teeth 
being adapted to this kind of food, and having crowns of peculiar 
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pattern, suggesting a double series of opposed triangles alternating 
with one another. The largest of our three species is the Water- 
Vole {Microlus ampkibius\ often miscalled the Water “ Rat”. It 
is brown in colour and about the same size as an ordinary brown 
rat (fig. 88). The Bank -Vole {M. giareolu^ is less stoutly 
built, with redder fur and longer tail. Much smaller and more 
abundant than 


these two species 
is the Field -Vole 
(d/. a^res/is),Y/hk'h 
sometimes multi- 
plies to such an 
(‘\Lent ris to l)ecome 
.1 serious agricul- 
tural pest. It is 
often called the 
Short -tailed 1 leivl- 
Moiise, but is at 
once d i s t i 1 1 g u i s h ed 
from a mouse by 
its shorter tail, and 
by the other fea- 
tures already enu- 
merated as char- 
acteristic of voles 
generally. 

Other examples 
of the Mouse family 
are afforded by the 



Hamsters y Lem- 


mingSy and Musquashes. The Common Hamster (Cricctiis fru- 
mentar/us) of Europe and North Asia is a comparatively large 
rodent, being as much as a foot in length inclusive of the short 
tail, the abbreviated nature of which at once shows that the crea- 
ture is not a rat, which animal it otherwise somewhat resembles 


in external appearance. There are very large cheek-pouches. 
Hamsters are burrowing forms, and th? v store up large quantities 
oi grain, seed, and other vegetable matter. They increase very 
rapidly in number and often do serious damage to crops. “A 
South American relative i^Ichthyomys) of the Hamster lives in 
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streams, and feeds on fish The ed^cs of the upper incisors arc 
slanted towards each other to j^ive a /\ shaped notch This is 
Ml adaptation tor holding the slippery prey " 

Levimimis resemble voles in many respects, but their tails 
are even shorter while their claws are belter developed and 
the fur is much thicker Ihc best known s|Kcies is the Nor 

wcgian I cmminjr 
{Myodt^ 

(ho 89) which in 
hal)its th( moLin 
tain rci^ions ot 
Scandma\ la and 
horn time to tunc 
mior lU s in \ ist 
iiumiK r tr i filing 
in i sti ii^ln 1 IK 
dt s])iK ill ol) 



in il( Iv pliin^ni 
iin ) ilu St j v\ Ik 1 c 
It soon |)( 1 ishf s i 
n i^hl l)t intu i 
|) lU d 

I Ik MiisijiJish 
or Mu'.k R It (/ //a ; 
^idi//iicit\) winch 
h IS a wide r.in^c 
in North Ame nc i 

e g 90 Kangir Rit Di^iomys f k ll psi ITiay Ix IC^arclcd IS 

a very large vole 

thoroughly adapted to an aquatic life as may hx seen by its 
partly webbed feet and strong flattened tail It is largely hunted 
for the sake of its fur 

(2) The Mole-Rat Family includes Old World rodents 
which have taken to a burrowing life, with the result drat 


It is largely hunted 


their structure has undergone modifications of much the same 
kind as those exemplified by ordinary moles A typical species 
is the Great Mole Rat {Spalax typhltis), the range of which 
includes South-east Europe, South-west Asia, and lower Egy^t 
(3) The North American Poiuked-Rat Family includes ^ 
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number of forms which, though they differ greatly among them- 
selves in appearance, all possess large hair-lined cheek-pouches. 
The Common Pocket-Gopher {Geomys bursaritis) looks some- 
thing like a compromise between a rat and a mole. It is a 
burrowing form inhabiting the central plains watered by the 
Mississippi and its tributaries. The Common Kangaroo- Rat 
[Dipodomys PAt/lipst) is a desert animal with long hind-limbs 
and tail (fig. 90), enabling it to adopt the mode of progression 
characteristic of the kangaroo. The 
Banded Focket-Mouse {Pero^yiaiAus 
fasciatus) of the States resembles 
the last-named form on a small scale. 

(4) The Jujnping- Mouse or 
Jerboa Family includes species 
which, like the Kangaroo-Rat and 
Pocket- Mouse of the last family, are 
specialized in relation to a springing 
mode of progression. They are, 
however, devoid of cheek -pouches. 

The species are chiefly found in 
Africa and Asia, though the family 
is also represented in South Europe 
and North America. A good illus- 
trative species is the Siberian Jerboa 
{^Alactaga decumana) (fig. 91). 

(5) The Dormouse Family embraces small mou.^e-like animals 
which have adopted an arboreal life, and in come respects 
have become specialized in much the same way as squirrels. 
Species are found in Europe, Asia, and Africa, and there is 
one British form, the Common Dormouse {Muscardinus avel- 
lanarius), abundant in the south of England, but absent from 
Ireland and the northern part of Great Britain (fig. 92). 

4. The Porcupine group of Rodents takes in a large 
fiuit^p of forms, of v^hich one common character is the separate- 
ness of the two bones (tibia and fibula) of the lower leg. The 
group i$ predominatingly American, and specially characteristic 
of South America. The following ^‘ve families are included: — 
(i) Octodons; (2) Porcupines; (3) Chinchillas; (4) Agoutis; and 
^5) Cavie 

<0 Octodons are somewhat rat-like forms mostly found in 



Fig 91 — The Jerboa lUcumaua) 
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South America, but also represented in the West Indies and 
in Africa. A typical form is the Degu (Ociodon degus) of Peru 
and Chili (fig. 93). The enamel folds on the crowns of the 
grinding teeth have a characteristic figure-of-eight pattern. 



(2) The Porcupine dami/y, distinguished by the possession 
of quills, is very widely distributed, Australia being the onl> 
continent from which its members are absent All the Old 
World forms live on the ground, as is, for example, the case 
with the Common Porcupine {Hystrix cristatd), which inhabits 
the Mediterranean countries, though comparatively scarce in 
those of them which are European, The Brush-tailed Porcupine 
{Atherura Africand) of West and Central Africa looks like a 
spiny rat The New World forms are distinguished by being 
climbers. A common example is the Canadian Porcupine 
[Ereihizan dorscUus), 

None of the remaining families of the Porcupine group. are 
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fourtd outside South Americ.'i, Central America, and the W.est 
1 ndies. 

(3) The family made up of the Clnnihillas and their allies is 
distini^inshcd hy the sott fur, \\'ell-d(*vclopcd tail, elongated hind- 
and transverse!) -ridoed <To\vns to the orindiuL*' teeth. The 
Common Chinchilla {CInnchilla laniotra) (hg. 94). a valuable 



furdjcaring animal inhal)iting the mountains of Chili and Bolivia, 
is a very active s([uirrel-like creature in which there are five toes 
on the fore- and four toes on the hind-foot. The allied A’^iscacha 
[f.a^ost omits tHchodactylus) is a stoutly-built burrowing form, of 
which the communities are common in the pampas of South 
America. 

(4) The Agoutis and Pacas together constitute a South 
American family of which the members atinin a considerable size. 
The claws arc blunt and hoof-like. The short-tailed Common 
Agouti {Dasyprocta agouti) inhabits the forest regions of South 
America, and the tailless Paca {Cwlogenys paca\ distinguished 
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by the presence of five rows of yellow spots on the fur, has a 
wide range through the same continent, east of the Andes and 
to as far south as Paraguay. It is also a native of the islands 
of Trinadad and Tobago. 

(5) The family of Cavies resembles the preceding in the hoof- 
like nature of the claws, and are further characterized by the 



Fig 94 1 he Common ChinchilU (CAiMrAiZ/o /(TM/^rrn) 


extreme brevity of the tail. The grinding teeth are complex, and 
their crowns present numerous transverse ridges A common 
example is the domestic Guinea-Pig Guiana pig\ introduced 
into Europe in the sixteenth century. The Res^^le^^s Cavy 
(Cavius porcellui) of Uruguay and Brazil has been claimed as 
the ancestral stock, though the view is now held that this dis- 
tinction rests with Cutler s Cavy {Cavta Cutleri), a Peruvian form 
supposed to have been domesticated by the Incas. The largest 
known Rodent, the Capybara (Hydrocharus capybara), is simply 
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an exaggerated Cavy specialized for an aquatic life, as testified 
by its webbed feet. It inhabits the great rivers of South 
America, and is not unlike a small pig in general appearance and 



r«g 95 —The Unaii or Two toed Sloth {Cfwlrpui 


size. The writer well remembers seeing a tame specimen, which 
had escaped from the grounds of its ov-^er and swum down the 
Teign estuary to Teignmouth, being exhibited in the lifeboat- 
house there as “ a pigfacious hippopotamus 
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Order 1 2. — Edentatks ( P'dentata) 

This very remarkable group includes a number of both Old 
and Xew World forms, which are rather low in the saile, and 
have had to adopt various expedients in order to avoid being 
eyterminated by the active competition of more highly organized 
forms. It is very doubtful whether the Old World forms have 
any special relation to the Xew World ones, or in other words 
the order is a very artificial one. This comes out strikingly when 
an attempt is made to discover common characters. About all 
that can lje siiid is, that the teeth are highly peculiar in character, 
and that the digits are provided with curiously modified curved 
hoofs. As to the former structures the term “ edentate ”, i.c. 
toothless, is somewhat misleading, for though this is the case 
with some forms, it is not generally' true, though the front teeth 
are always more or less deficient A further point is that the 
teeth are always devoid of enamel. 

Most of the Kdentates are found only in South America, ami 
of these the following are representative species:- -The Fwo-toed 
Sloth [Cho/(fp 7 is didactyl H$) (fig. 95) of Guiana and Surinam; the* 
Six-banded ^Armadillo [Dasypits scxcimtus) (fig. 96) of tlie South 
American pampas; and the Ant- Hear {J/ynnccop/[a(ra jnbcita) of 
Paraguay'. Old World forms are: The Cape Ant-KaUT or 
Aard-Vark {yDryctcropus Capeasis) (fig. qy) of South Africa, and 
tile Long-tailed Pangolin {J/aais pcntadactyla) (fig. 98) of West 
Africa. 

Oriler 13. -~Po ( iirn Mammals (Marsupialia) 

This is the only or er m the .Mammalian sub-class Mfta- 
rnruiA, under which hei ling its leading characters have already 
been given (p. 68). 

The great bulk of existing .Marsupials are confined to Australia 
and its adjacent islands, as far as Celebes, though the ortler is 
<ds() represented in America. The great interest attached to the 
Australian forms is found in the way they/' have become specialized 
in l arious directions to fill the nio.st varying places in the economy 
of nature. Other more highly^ organized mammals having been 
absent, they' have had the field to themselves without other serious 
competition, and the places occupied in most parts of the world 



POUCHED MAMMALS {Marsuptalut) 

1 Tret Kangaroo of New Guinea i^Pcitdroiairit^ ursinus), 

2 Koala i^PJuzscolarc/os atiercus) 

3 Water Opossum {Chtromctes Minima) 

4 I ig looted Bandicoot ^Chtriopus castanotis) 

5 Tasmanian Devil (^<^i LOphtlus ursinus) 

6 Squirrel like Flyirg Phalangcr (^Petauru^ sctureus) 

7 Jerboa Pouched mouse Antechinomys Iam^*r) 

8 Philander Opossum {DitjUiphys philander) 

9 Cjreat Grey Kangaroo {Macropus giganteus) 

10 1 asmanian Wolf { 7 h}lactnus cynotephalus) 

1 1 Hairy-nosed Wombat {Pkascolomys latifrons) 

12 Gunn’s Bandicoot {Peramele^ Uunm) 

13 Common Dasyure {Dasyurus vivemnus), 

Numberb 3 and 8 are American lorms the remainder belong to *he 
Australian region 
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by such groups as Carnivora, In'^ectivora, &c., are here filled by 
marsupial sub orders. 

The American marsupials have had to compete >\ith forms 
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better adapted to struggle for existence, and play but a subordi- 
nate part in the fauna of that continent They consist of the 
Opossums, found both in North and South America, and of a 
small creature Ccenolestes recently discovered in the latter 
continent The Common Opossum {Didelphys Vtrgtniana^ has 



Fig 98 — Thf T on(j Pangolin {Mnms /'i) 


a wide distribution in North America, from Canada to Mexico 
It is the well-known “possum” of American story and verse. 

Order 14. — Egg-la\ing Mammals (Monotremata; 

Like the preceding one, this order is the only one in its sub- 
class (Prototukkia), of which the leading characters have already 
been given (p. 69). It will suffice to remark here that its mem- 
bers are only found in the Australian region, like the majority 
of Marsupials, and having had to compete with these compara- 
tively more powerful forms, have been prevented from occupying 
more than a subordinate position in the fauna of that region. 



CHAPTER III 


STRUCTURE AND CLASSIFICATION OF BIRDS 


Though Birds arc familiar objects to all, and obviously 
characterized by the possession of win^s and feathers, these 
are not the only essential features distin^uishinj^ them, and .t 
will clear the ground to briefly describe some well-known and 
typical example of the class. This is the better worth doing since 
th(‘ great bulk of existing birds resemble one another to a much 
greater extent than is the case with mammals. 

As loiiveuicnt a type as any, and one possessing special 
interest from the fact that Darwin devoted a very large amount 
of attention to it from the evolutionary stand-point, is the Pigeon 
{Colnmba livia\ Of this there are a large number of domestic 
varieties, some very peculiar in appearance, but for our purpose 
the best is the one known to fanciers as the “ Blue Rock”, which 
best represents the central form from which the different varieties 
have sprung, and which is found wild in Europe, North Africa, 
and West Asia as far as India. 

The wild Blue Rock nests in caves or clefts of the rock, 
and is of common occurrence round the northern coasts of Ireland 
and Scotland. Its prevailing hue is grey, but the rump is white, 
and the neck and upper part of the breast green and purple, with 
a metallic sheen. There is a characteristic broad black bar 
running across the end of the tail, while the wing is crossed by 
two similar but narrower bands. 

External Characters (fig. 99). — The outlines of a bird are 
mainly determined by the feathers, as is strikingly seen on com- 
paring a living bird with a plucked specimen, the latter presenting 
a very comical appearance. The head is well rounded behind, 
in correspondence with the presence a large brain, while the 
fice is produced in front into a somewhat conical horny beak, 
at the base of which are situated the two slit-like nostrils, over 
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hung by a bare patch of swollen skin, the cere. The large eyes 
are provided not only with upper and lower eyelids, but also with 
a translucent nictitating membrane, or third eyelid, which can be 
rapidly twitched over the front of the eye by special muscles 
A narrow bare area of skin surrounds each eye, and in such breeds 
as the Carrier, this Area and the cere are highly developed into 
peculiar fleshy outgrowths. Below and behind the eye is the 



Fig 99 —General Structure of Pigeon 


small round auditory aperture, which is not provided with a pinna 
as in most mammals. 

The long and exceedingly mobile neck is sharply marked off 
from the stout boat-shaped trunk, which is terminated by a stumpy 
tail, on the upper surface of which is a prominent papilla carrying 
the aperture of the large oil-gland. On the under side of the 
trunk, near its hinder end, is the opening of the cloaca, a small 
chamber into which open the intestine, the kidney-ducts, and the 
ducts of the reproductive organs. 

The body of a bird exhibits innumerable adaptations to* an 
aerial life, and this is 'seen very strikingly in the fore-limbs, which 
are modified into wing^, quite different, however, in structure 
from those of a bat (s^ (x Ji). The same sections are present 
as in a mamynal, i,e, upper arm, fore-arm, and hand, but there 
arc considerable differences in detail. In so far as folds of skin 
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connect upper arm and fore-arm in front, and upper arm and trunk 
behind, there is a certain resemblance to the bat’s wing, but we 
do not find in the bird long slender fingers supporting a well- 
developed membrane, but a reduced hand possessing only three 
modified digits. The efficient part of the wing consists of feathers, 
and the limb is specialized so as to serve as a firm support for 
these. 

When a bird is not flying it is supported by the hind -limbs, 
but the problem of bipedal progression is not solved here in the 
same way as in a human being (see p. 66). where the trunk is 
raised into a vertical position and brought into the same line 
as the legs. 'The hind-limbs of a bird are, as it were, shifted 
forwards so that the body is balanced somewhat obliquely between 
them. I'here are, however, some forms, such as PeHguins (fig. 
[27), in which the trunk is raised into an appro.\imately upright 
position, but c then the resemblance to the attitude of an erect 
human being is remote, for not only is the thigh attached as in 
other birds, but it points slantingly upwards instead of being 
directed downwards. It w’ould not indeed be possible for a bird 
to completely straighten out its leg, for the thigh is more or le.ss 
enclosed in the boundaries of the trunk, and is not entirely free, 
as in ourselves. 

It is also noticeable that the regions of a bird’s leg, with the 
exception of the uppermost one, or thigh, do not exactly corre- 
spond with the subdivisions found in a mammal. The other 
two sections may be called, for convenience, lower leg and foot, 
but the ankle-joint between them is not in exactly the same 
position as in the last-named group. This will be more fully 
explained in dealing with the encioskeleton. The digits are 
four in number, instead of five as in a typical mammal, the digit 
corresponding to the little toe of which being absent. The great 
toe is turned backwards, and, since the body is supported upon 
the digits while the metatarsus and tarsus are raised from the 
ground, the bird may be termed digitigrade. 

Skin and Exoskcleton, — I'he thin skin is made up, as in a 
mammal, of epidermis and dermis, and the former gives rise to 
a well-marked exoskeleton, consisting of beak, claws, scales, and 
feathers. The beak comes under this heading in so far as the 
horny sheaths which cover both upper and lower jaws are con- 
cerned, while the toes are provided with clawSy and the feet are 
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covered by overlapping scales. The characteristic parts of the 
skeleton, however, are the feathers (fig. loo), structures which are 
possessed by all birds, but by no other animals. They do not cover 
the entire surface of the body, but are limited to certain feather 
tracts (ptcry/ce), between which are bare patches (apterici). 
Feathers, like hairs, spring from pits in the skin, and are renewed 
from time to time, during a moulting season. They are of three 
kinds: i. small downy Jiloplumes, consisting of a sUilk with a tuft 



A, ol qiiiil feather b, barbs and barbul<.s (much enlarged;, c and u, separate birbulis still further enlarged 

of filaments at the end; 2. contour feathers, which cover most 
of the body, and, as the 'name indicates, determine its shape ; and 
3. large quillfcathers used in flight, and attached to the wings and 
tail. The last two kinds closely resemble one another in structure, 
and it may suffice to describe one of the quills, which are the most 
specialized and characteristic of feathers. Both light and strong, 
with a large surface for opposing to the air, they are exquisitely 
adapted to their purpose, even in the minutest details of their 
structure. We can distinguish between a central shaft, consisting 
of a hollow quill continued into a solid rachis, and oblique fila- 
ments or barbs projecting from each side of the rachis and 
constituting with it the vane. Each barb is provided with an 
oblique set of barbules on its far or distal side, facing the end of 
the feather, and a similar set on its near or proximal side, facing 
towards the base of the feather. The barbules of the distal row 
are provided with booklets, which catch on to ridges possessed 
’>y the row of proximal barbules immediately in front of them. 
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Twenty-three quills (remiges) are attached to the hinder margin 
•of each wing, eleven of them being primaries fixed to the hand, 
while the twelve others are secondaries borne by the fore-arm. 
The bases of these quills are covered above and below by other 
feathers known respectively as upper and lower wing -coverts. 
There is also a tuft of feathers, the bastard wing (ala spuria), 
upon the thumb. 

Twelve tail-quills (rectrices) are attached in the form of a 
fan to the stumpy tail, and the bases of these are covered hy 
upper and lower tail-coverts. 

7 'he contour feathers, including the coverts and the bastarc 
wing, resemble quill- feathers on a small scale, but when they 
are plucked away a number of Jiloplimies are found among them, 
each consisting of a stalk bearing a loose tuft of barbules at 
its end. 'I'he down-feathers with which the nestling is covered 
closely resemble these. 

Endosk'iiwn (fig. loi). — The same regions and parts can be 
r*^ cognized as in a mammal, but there are very considerable 
differences in detail, most, if not all, of which are related to the 
mode of life. The bont‘s arc particularly light and spongy, while 
many of them contain air instead of marrow, one of the arrange- 
ments whereby the specific gravity of the body is reduced as 
an adaptation to flight. 

A number of features distinguish the skull from that of a 
mammal, one being that in the adult the bones are fused together 
so as to obliterate the junctions between them. This feature, 
however, is also seen in the lowest mammals, i.e. the Spiny Ant- 
Eater and Duck-billed Platypus, and is not the only point in which 
these creatures show a resemblance to birds. We have seen that 
at the back of a mammars skull (p. 28) there are two rounded 
occipital condyles which fit into corresponding cups in the first 
joint of the backbone, but in the pigeon only one such condyle 
is to be seen, and as a result of this the head can be turned 
very freely about from side to side. There is also a remarkable 
peculiarity in the attachment of the lower jaw to the skull, as 
this takes place by the intervention of a special bone, the quadrate, 
there being thus a double jaw joint, permitting the mouth to 
be opened very widely, a capacity which must have struck anyone 
who has ever examined a nest of young pigeons, sparrows, or 
'Canaries It may also be noted in a young skull mat each half 
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tojj^cther so ds to confe-r great rigidity, an iinpf)itr)nt matter in 
connection with the requirements of flight What is called the 
“sacrum” in a pigeon is made up by the union of \ertebrce 
belonging to very different regions, including one thoiacic, si\ 
lumbar, two sacral proper, and five caudal. The remaining 
vertebrj* of the abbreviated tail arc ten in number, and the last 
four of them are fused into a laterally-flattened ploughshare bone, 
which supports the tail-quills. 

Since the walls of the thorax are fairly mobile in a bird, 
and by their movement help in breathing, the breastbone and 
ribs are hinged on to the backbone so as to permit of this. 
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All the five thonicic vertebrae bear ribs which unite with the 
breastbone, and each rib in its upper section possesses a back- 
ward projection, the uncinate process^ absent in all mammals. 
It should also be noted that the posterioi m‘ck vertebrae bear 
'^mal! fr( e ribs 

The bi tastbone or sternum of a piireon is exceedingly lar^e, 
and is in paiticul.ir distinguished by the presence of a \eiy 
promiiu nt vertical plate or keel on its under side. The use 
of this IS to <4iv( .1 larj’e surface to which the powerful muscles 
ot (hi^^ht ar( attached. A bat’s sternum possesses a small keel 
for a s’milar reason 

SLbhui of Fon Limb The special lunction ot this bein<^ 
to sM\< as a liim support for the wini^ (juills it is not sur- 
jirisin^ to hiul th.it the bones of the hand ha'v r undc^rc^one 

a ^ood d< il ot i< (luctu)n in numlxT, and rilso of fusion, th(‘ 
diL;its b( inu only time corn. spondme^ to lIh thumb and first 
t\\(* tni^( rs ot a m.un!n<il Such <i h.uul skcltton as th.it 

(U aiibid tor Man (j' ^i), made up of numnous small bones 

lit \il)l\ uniu tl to'^t the r, is very suit.iblt* for a limb t apable of 
pciloimiP^ all sorts of complic.ited movcMurnts, but much too 
el.iboi »t( toi L mtTe support, as in the « ase ot a wmt; 

I h( upj)fi pait of the limb skeleton, or ^houldtr-ou iifi\ 
iiK null ^ thif( bouts the dorsal narrow siapnla, the lod shatied 
vtntiil <0)0 out which unites with the sternum, and a collar 
boiu c)i doiiiU In the possession ot a distinct coracoid, Ihicls 
.ind Monoiitine Mammals a^iee (p 138) The two naiiow 
cLiivcul cliMclt'. are hi inly fuscM toi^c'thcT into the familiar 

‘ mcMiv ihou^lu ’ 01 fniiula, which acts as a sprint^ and keeps 

the two wmt;s well separated. 

Siilc/on of Hind Limb The hif oirdh i** made up of the 

s unc three elements as in a mammal, ii, ilium, i^ihium^ and 

pubis The ilium is very lar^e and runs both fore and <ift 

uniting b) its inner surface with the lon;^ “sacrum”, thus 
atfoidmt; a very firm support to the bexly when the bird 
icsts or walks Both ischium and pubis, especially the* latter, 
arc narrow and backwardly- directed, and do not unite wfith 
one another in the mid-ventral line as in a mammal (see p. 31). 

The chief peculiarity in the bones of the free part of 
the le^ is found in the ankle, for the iarsm, instead of 
being made up of a number of small irregular bones, as in 
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the mammal (see p. 32), consists, in the very young bird, of 
two elements only, of which one fuses with the tibia to form 
a tibio-tarsus, while the other fuses with three of the meta- 
tarsals, these also uniting with one another, the compound 
product being known as the “ tarso -metatarsus It will thus 
be seen that what corresponds to the ankle-joint of the human 
foot (p. 32) comes in the middle of the tarsus, and not between 
it and the bones of the lower leg. The great toe possesses 
a metatarsal which is distinct from the others, and this digit 
therefore has a greater power of movement. The remaining 
point deserving mention here is in regard to the number of 
phalanges in the various toes. It will be remembered that 
in Man (p. 31), and the same thing is true for mammals 
generally, the great toe has two and the remaining toes three 
phalanges each. A bird has similarly two phalanges in the 
great toe and three phalanges in the second toe, hut the third 
toe possesses four, and the fourth five, thus giving the regular 
succession two, three, four, five, each digit possessing one more 
phalanx than its number in the series. 

Digestive Organs (fig. 99). — The pigeon, like all existing 
birds, is entirely devoid of teeth, and its beak is only useful 
for picking up food, not being capable of breaking up the hard 
grain on which the animal largely feeds. A temporar)' receptacle 
for food is therefore necessary, and this is found in the large crop 
into which the gullet swells. A further peculiarity, common to 
all birds, is found in the nature of the stomach, which consists 
of two parts, chemical stomach (provcntriculus) and gi/.zard. 
The former looks like a swelling at the end of the gullet, but 
is distinguished by the presence of numerous gastric or peptic 
glands (see p. 37) imbedded in its mucous membrane, and 
secreting gastric juice. The gizzard is a rounded and some- 
what flattened structure with a tough lining and exceedingly 
thick muscular walls. As is well known, it serves to grind up 
the food, its action being assisted by small stones and other 
hard bodies which are swallowed for the purpose. The stomach 
is followed by a long small intestine into which the liver and 
pancreas pour their secretions ; and a much shorter large intestine, 
opening into a cloaca, which communicates with the exterior by 
a cloacal aperture. 

Circulatory Organs (fig. 102). — As in a mammal, both blood 
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and lymph systems are present, but we need only consider a 
few points concerning the former. 

The blood is much hotter than that of a mammal, maintaining 
a temperature of about 103° F. on the average as against 98° F., 
a fact which has relation to the extreme activity of birds, and 
the intensity, so to speak, of all their life processes. The well- 
developed investment of feathers by which the body is covered, 
and which entangles a large amount of air, is of great impor- 
tance as a non-conducting coat, which prevents the too rapid 
dissipation of the heat of the body without checking ventilation 
of the body surface. A drop of pigeon s blood examined under 
the microscope shows the same constituents as are seen in a 
mammal (see p. 39), i,c, a liquid plasma in which are sus- 
[>ended white and 7 ’ed corpuscles. The latter, however, though 
discs, are of a pointed oval shape instead of being circular, and 
e;ich of them encloses a firmer particle or nucleus. 

The pigeon’s heart and blood-vessels agree in essential respects 
with those of a mammal (see p. 39), but there are numerous 
differences in detail. Thus, though the heart is four-chambered 
and the impure blood of the right side is thus completely sepa- 
rated from the pure blood of the left side, there are differences 
as regards the valves, especially the one between right auricle 
and ventricle, which is a muscular flap instead of consisting of 
three membranous pieces. The great artery of the lx)dy, the 
aorta, where it arises from the heart, curves round to the right 
and not to the kTt. The enormously large muscles of flight, 
which make up the flesh of the breast, are provided with large 
blood-vessels. 

Brcathiuo Organs and Or^aus of Voice (fig. 102). — The 
separation between food-tract and breathing-tract is less com 
[)lete here than in a mammal (see p. 34), for the hinder 
openings of the nasal cavities {^posterior nares) are situated on 
the roof of the mouth instead of farther back. Upon the floor 
of the pharynx the slit-like glottis is situated, bui this is not 
guarded in front by an epiglottis It leads into the larynx, which 
.is not in birds the organ of voice, and is continued into the 
very long windpipe (trachea) that divide.- into two branches 
(bronchi) for the lungs. These air -passages are not supported 
by hoops of cartilage, as in mammals (p. 46), but by bony rings. 
From this point onwards a number of striking peculiarities are 



14S 


CHARACTERS OF VERTEBRATE ANIMALS 


encountered, for the lungs do not constitute the only goal of the 
in-breathed air, but communicate with a numbc-r of thin-walled 
air-sacs, and these again with the air-filled cavities in the bones. 
The only other animals which are so thoroughly permeated by 
air are insects, and in them, as in birds, one end to be gained 
is the reduction of the specific gravity of the body as an aid 
to flight. 'J'he small /ufiQs, though spongy, are not freel) 
movable in the thoracic cavit>, but are firmly fixed to its roof 
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and there being no midriff as in a mamm.il (see p. 40), there 
is no sharp Ijoundary between thoiaeii and abch/inin.il n gions. 
The bronchi branch out in their rc’spc‘rti\e lungs, and iheir 
larger branches run to the lung surface, where they open into 
the large thin-walled air sacs, which arf‘ placed in various 
positions. Some of the <interi()r air-sacs communicate with the 
air-spaces contained in certain bones, as, the humerus and 

sternum. The mechanical i>art (T breathing is brought about 
by the movement of the ribs and sternum, much as in a 
mammal (p. 46), but here there is, of course, no diaphmgmatic 
breathing. The entering air rushes into all the air-sacs, and 
the work to be done by diffusion is not so great as in a mammal. 
I'he reason for this is, to keep the process of blood oxygenation 
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going very rapidly, as, if this were not the case, the high 
temperature of the body could not be maintained. 

Voice , — Although the pigeon possesses a larynx, this is not 
the organ of voice, which consists of a structure known as the 
song-box or syrinx, formed by the modification of the extreme end 
of the windpipe and the beginning of the two bronchi to form 
a small resonant chamber {lynipanum) into which an elastic 
fold projects. The sound is produced by vibration of this fold, 
and it can be stretched to various extents so as to alter the 
pitch of the note. 

Organs of Movement. — As in the human subject, the white 
corpuscles of blood and lymph are able to creep about by means 
of amceboid movement (p. 39), and the windpipe and certain 
other structures are lineil by ciliated 7 ncmbranes (p. 49); but, 
as before, the chief movements of the lx)dy are brought about 
by muscular auion. The most interesting peculiarities in the 
muscular system are connected with flight and with perching. 
The large fle.shy mass covering the breast is made up of the 
pectoral muscles, which are attached to the wings in such a 
manner as to pull them alternately up and down; but this is 
not the place to furnish details, which will be given farther on 
in connection with locomotion. 

The perching meckafttsfn is an arrangement by which the 
toes can be all brought together at the same lime by a pull 
exerted upon a single tendon connected with two muscles of 
the leg. When a bird i? roosting, the weight of the bocl\ bends 
the limb in such a way as to pull on this tendon and bring all 
the toes firmly against the branch or other supporting object, 
the danger of falling off during sleep being thus averted. 

Nervous System (fig. 103). — The bram of the pigeon is 
extremely short and broad, and is distinguished by several 
peculiarities. The cerebral hemispheres are large and rounded, 
but are quite smooth externally, and are not, as in mammals, 
united across the middle line by a fibrous band or corpus 
callosum (see p* 52). Both these points are related to>the 
tomparatively small intelligence of the animal. The organs 
of smell are not well developed, and therefore, as might be 
expected, the olfactory lobes are of small size; but on the 
other hand, in accordance with the unusually acute vision, 
the optic nerves, optic tracts, and optic lobes are very large. 
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different degrees of curv'ature, the former almost resembling a cone 
with its apex rounded off instead of being pointed. Within the 
outer part of the sclerotic, or firm white external eye -coating, 
there is a circlet of small overlapping bony plates. The remain- 
ing most striking difference is seen in the presence of a pecten, 
a folded structure which projects into the vitreous humour close 
to the point where the optic nerve pierces the eyeball to branch 
up in the retina or sensitive innermost eye-coating. 

It was noticed under external characters that there is a third 
eyelid in addition to the usual upper and lower ones. Some 
mammals, as the rabbit, possess such an eyelid, though it is 
not so mobile. 

Developynent (fig. 104) — All birds lay eggs, protected externally 
by a firm limy shelly and the lowest mammals agree with them 



in this respect. One or lx)th parents in turn sit upon or incubate 
the eggs, thus providing the necessary warmth w'ithout which the 
young bird cannot develop. Most of the egg coni ists of material 
which will serve for the nourishment of the embryo, the body 
of which is evolved from a very small patch (j^cryninal d{sc\ to be 
seen on one side of the yellow part known as the yolk. The 
part of the yolk on which the germinal disc rests is lighter than 
the rest, and this side therefore lloats upwards in the glairy matte; 
termed the “ white ”, or more properly speaking the albumen. 
Hence the embryonic part of the egg is kept constantly turned 
towards the source of heat, i.e. the incubating parent. Young 
pigeons are hatched in a very imperfect state, and have to be fed 
for some time by the parents, part of their food consisting of a 
whiti.sh material, the so-called “pigeon’s milk”, secreted by the 



152 


CHARACTERS OF VERTEBRATE ANIMAI^ 


lining of the crop. The helpless nestling is very imperfectly 
clad with feathers, and these down-feathers are much simpler 
in nature than the ordinary feathers of the adult bird. 

CLASSIFICATION OF BIRDS 

Excluding fossil forms, birds are divided into two sub-classes 
of very unequal size: 1 . Flying Birds (Carinata:). of which the 
Pigeon is an example; and II. Running Birds (Ratita^), of which 
the be.st-known kind is the Ostrich. 

I. Flying Birds (Carinatse) are more or less perfectly adapted 
for flight, iis will have been seen from the typical example just 
described. The most striking characters are found in the structure 
of the wings and the keeled sternum, in reference to which latter 
feature the group is technically called Carinatai (L. carina, a keel). 

Although the existing species of flying birds are extremely 
numerous, they agree so closely^ among one another in most 
essential features that it i' exceedingly difficult to divide them 
into orders, but eighteen of th^se are commonly recognized, 
though the distinctive characters of many of them are founded 
upon comparatively trivial matters, and we do not get the broad 
lines of division existing in the case of Mammals. The orders 
are as follows: — 

I. Perching Birds (Passeres); 2. Picarian Birds (Picaria*); 
3. Owls (.Striges); 4. Parrots (Psittaci); 5. Pigeons and Sand- 
Grouse (Columbae); 6. Gulls (Gaviai); 7. Plovers (Limicola:) ; 
8. Bustards and Cranes (Alectoridcs) ; 9. Rails (Grallac); 10. 
Game-Birds (Gallinse); ii. Tinamous (Crypturi); 12. liagles 
and Vultures (Accipitn's) : 13. Ducks, Geese, and Flamingoes 
(Anseres); 14. Herons and Storks (Herodiones) ; 15. Pelicans 
and Cormorants (Stej Jiop<xlcs); 16. Petrels and Albatrosses 
(Tubinarcs); 17. Diver and Grebes (Pygopodes); 18. Penguins 
(Impennes). 


Order i. — Perching Birds (Passeres). 

This order is regarded as the highest of the sub-divisions of 
birds, and the large majority of them arc included in it, more 
particularly tho,se which are familiarly known as “ song-birds **. 
The first toe can be moved independently of the others, which 
is not the case in other birds, and possesses a larger claw than 
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they do. In most cases the back of the metatarsus is protected 
by two narrow elongated plates, instead of by scales. There 
are generally ten, or it may be nine, primary quills in the wing, 
which is covered by only a few small contour feathers. The 
tail-quills are usually twelve in number. The young are helpless 
and almost destitute of feathers. 

Among the enormous number of birds included in this order 
are the following representatives of important families: — i. Crows; 
2. Birds of Paradise; 3. Bower-Birds; 4. Starlings; 5. Orioles; 



l-ig. 105 —Rook [lCorvn 9 fnigtUgut) 


6. Finches; 7. Weaver- Birds; 8. Buntings; 9. Larks; 10. Wagtails; 
II. Creepers; 12. Nuthatches; 13. Sun-Birds; 14. Tits; 15. Shrikes; 
16. Thrushes and Warblers; 17. Wrens; 18. Swallows; and 19. 
Lyre-Birds. The British species belonging to these families, 
if any, will be enumerated, except in the case of rare stragglers. 

I. Crows and their allies are large birds with strong beaks, and 
nostrils protected by bristles. Many of them are black or black 
and white, and they are practically cosmopolitan, being absent, 
however, from New Zealand, Among British forms the Raven 
{Conms corax) is entirely black, as are the Carrion Crow {Corvus 
coj^one) and the Rook {Conms fmgilegtis) (fig. 105), there being, 
however, in the latter a bare patch extending round the base of 
the beak. The Jackdaw {Corvus monedula) has a grey neck, 
while the long-tailed Magpie {Pica rustica) is black and white, 
as the name indicates. The Jay {Garrulus glandarius) is a 
much more brightly - coloured member of the same family, its 
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plumage exhibiting white, black, brown, and blue, while there 
is a handsome crest upon the head. 

The remaining British species are: Hooded Crow (Corvus comix\ Nutcracker 
{Nuci/raga caryo€aiact€s\ Chough {Pyrrkaccrax gracu/us). 



Kiif. 106 — Grmt Paradiie Bird {Paraditea 


2. The Birds of Paradise are closely related to the crows in 
structure, but are remarkable for the gorgeous and varied plumage 
of the males, certain of the feathers being prolonged and modified 
in various ways. The region from which such feathers spring 
differs in different species. Birds of Paradise are for the most 
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part limited to New Guinea and the neighbouring islands, though 
they also range into the north of Australia. The Great Paradise 
Bird (J^aradisea apodd) of the Aru Islands is depicted in fig. io6 

3. Bower-Birds constitute a small family mainly confined to 
Australia, though also found in New Guinea, and are chiefly in 
teresting because they construct and decorate so-called bowers ”, 
which appear to be solely 
used for the purpose of 
amusement. A well- 
known form is the Satin 
Bovver- Bird of New 
South Wales {Piiiono- 
rhym h holoscriccu 9 ). 

4 Starlvios (fig 107) 
constitute a well-known 
fanniy with a wide dis- 
tnbulion in djc Eastern 
hemisphere, being abs('nt 
only fiom Australia, They 
do not, however, occur 
in America. The beak 
is f.iirly long and often 
slightly cuived, while its 
base is free from bristles 
b'locks of these birds can 
often be ^cen in meadows 
hunting for insects and 
worms. Another characteristic feature is that of the ten priinarv 
wing-quills; the first is less than half the fmgth of the second 

The Common .Starling {Sturnu^ immorlali/ed in 

Sterne’s Scnhme7ttal Journey, is a refreshing e\ception to the 
general rule for British birds, its numbers being on the increase. 
The black plumage, shot with green and blue, and tipped with 
buff, ’s extremely handsome. There is one othcT British species, 
the Rose-coloured Starling {^Pastor 

5. OHolcs or Golden Thrushes are characteristic of Africa 
and South Asia, though they are represented in Australia and 
Europe. The beak is slender and almost straight, the legs short, 
and the plumage brilliant. 

The Golden Oriole {Orio/us galbit/a) of continental Europe 
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and South-west Asia is known as a visitor in this country. In 
colour it is golden-yellow, with black on the wings and tail, and 
the call-notes of the male are flute-like in tone. 

6. Finches make up a very large family, absent only from the 
Australian region, and characterized by strong conical beaks 
adapted for feeding upon seeds and grain, while there are only 
nine primary wing-quills instead of ten. The food is by no 
means limited to seeds and the like. 

The following small British birds belong here: — Sparrow {Passer domestiais) ] 
1‘ree-Sparrow {P. mon/anus); Bullfinch (Jyrrhuia Europa:a)\ Chaffinch {FnngiUa 
catUbs) ; Brambling {K monti/ringiliina) \ Linnet (F. cannabina) \ Mt aly Kedpole 
(Cannabina ltnaria)\ I.esser Redpolo (C ); Twite (C. flnvirostns) \ OrciMV 

finch {Ligurinus ehloris); Goldfinch {Carduelis elegan$)\ Hawfinch {Coicothraustes 
vulgaris) \ Siskin {Chrysonuius spinus); Crossbill {Laxia curvirostra). 

7. Weaver- Birds, remarkable for the way in which they 
intertwine fibres to form their ilests, resemble finches in appear- 
ance and in their stout conical beaks, but possess ten instead of 
nine primary wing-quills as in the latter. The family is more 
particularly characteristic of Africa south of the Sahara, but is 
also well represented in South Asia and in Australia. The Java 
Sparrow or Rice- Bird (Munia oryzivord) is familiar in this 
country as a cage-bird. 

8. Buntings are finch-like forms inhabiting the colder parts 
of the Old World They differ from the true finches In minor 
features, one of which is that when the beak is shut its edges do 
not come into contact except at the base and tip. 

There are several British species, of which the most familiar 
is the Yellow Bunting (Emberiza citrinella), better known as the 
Yellow Hcmmer. 

The remaining British species are: — Cirl Bunting {Emberiza cirlus)) Corn 
Bunting {E, miliaria)', Reed Bunting {E. schaniclus)'. Snow Bunting {Plectrophenax 
mvalis). 

9. Larks constitute a tolerably large group, limited with but 
few exceptions to Europe, Asia, and Africa, where they are most 
abundant in plains and deserts. Their powers of song are known 
to everyone. The first toe is provided with a very long straight 
claw. 

The Skylark (Alauda arvensis) and Woodlark {A. arborea) 
are well known in Britain. The Shoie Lark {Olocorys alpestris) 
is a visitor. 



BRITISH PERCHING BIRDS {Passeres) 

The species figured are Finches (i, 2, 5), a Bunting (4), and a 
Tit (3) Finches {^trtngtlhiUe) live in wooded districts, and their 
'■bur ‘JUt conical beaks are adapted to sced-eating Buntings 
(^nmbenztda) inhabit open grassy localities, and are easily diatin 
guished from I* inches by a notch m the side of the beak Tits 
{Partdcp) are chiefly found among trees, and feed for the most 
part on insects 

1 Bullhnch {Pyr rhula Europt a) 

2 Chaffinch {hnngtlla caltbs) 

3 Blue Tit {Parus catuUus) 

4. Yellow-hammer {Efnbenza t ih inelld). 

5 Goldfinch {Carduelts elegans). 
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I. Bullfinch. 
3. Chaffinch. 


5. Goldfinch. 


3. Blup-Tit. 

4. Yelloa -Hammer. 
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10. Wagtails^ with their allies the Pipits y make up a small 
family which, though found in all parts of the world, except the 
Pacific Islands, is especially characteristic of the northern parts 
of Europe and Asia. The body is slender and the tail long. 
The narrow-pointed beak is well suited for the capture of insects, 
and the feet are somewhat like those of larks, except that the 
claw of the first toe is more curved. Most of the birds here 
included are found chiefly on the ground, and run very quickly. 

Common British species are the following: — Pied Wagtail 
{Motacilla /uguSris); Meadow Pipit or Titlark {Anihus pratensis). 

The other native species are the following: — White Wagtail (Motacilla alba)’. 
Blue headed Wagtail (M. Jlava) \ C^ey Wagtail (M. melanope) \ Yellow Wagtail 
(M. Raii)\ Rock I’ipit (Anthus ohscurus)\ Richard’s Pipit (A. Ricbardi); Tree 
Pipit (A. fnvia/is). 

I T. Creepers are a small family of wide distribution, with 
long curved be \k and sharp claws. They arc adapted for the 
pursuit of insects upon the trunks of trees, walls, and similar 
j)laces. 

The only resident British species is the Tree Creeper (Certhia 
which has a wide range in the Northern hemisphere. 
Though fairly common, its plumage harmonizes so well with 
the surroundings that it often escapes observation. The tail is 
stiffened, and its pointed quills are of great assistance in climbing. 

12. Nuthatches constilutc another small family of climbing 
birds, somewhat more witlely distributed than the Creepers, being 
absent only from South America, Africa south of the Sahara, 
and the Pacific Islands. They differ in no very important respect 
from the Creepers. Their food consists not merely of insects, 
but also of nuts. 

Our only native species is the Nuthatch (Sitta ceBsia)^ common 
in the wooded parts of Central and South Europe, and also found 
in North Africa. It also ranges into South-west Asia, but, unlike 
the Creeper, is unknown in North America. 

1 3. The Sun-Birds are small, brilliantly-coloured forms ranging 
through the tropics of the Old World, and often confounded 
with the humming-birds, which they resemble in appearance and 
habits, though there is no close relationship between the two 
groups. 

14. Tits or Titmice are small active birds, the general appear- 
ance of which is well known to everyone, and which, though 
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Specially characteristic of the northern hemisphere, are found in 
most parts of the world. The beak is short and conical, and 
the first wing-quill is never more than half the length of the 
second one. These birds inhabit trees, and chiefly feed on 
insects, though vegetable food is by no means disdained. A 
meat-bone or partly-opened cocoa-nut p^'^ced outside the window 
of a house is almost certain to attract any tits which may be in 
the neighbourhood. 

The best-known British species is the Blue Titmouse {Parus 
cceruleus), which possesses extremely beautiful plumage, exhibiting 
shades of blue, yellow, yellowish -green, and white. It ranges 
throughout most of Europe, and is abundant in Asia Minor. 

Other typical native forms are: — Coal-Tit (Parus ater)\ Crested Tit (P. cnstatus); 
Great Tit {P major); Marsh Tit (P. /a/usins); Long-tailed Tit (Acredula caudata). 

15. Shrikes make up a fairly large family of tree-inhabiting 
birds which have their head-quarters in Africa, though they are 
found in all parts of the worid, except South America and New 
Zealand. Their food consists of insects, and also in some cases 
of small vertebrates, and in accordance with this the beak is 
strong and often somewhat hooked. 

The most abundant British species is the Red-backed Shrike 
(Lantus collurid), the plumage of which is mainly chestnut above 
and buff on the under side. Like other “ butcher-birds ”, as these 
forms are often called, this form has the habit of impaling its 
victim^ upon sharp thorns. Its range includes most of Europe, 
SoQth-west and Central Asia, and in winter it is found as far south 
as the Cape. Another native form is the great Grey Shrike 
(Z. excudi/or). 

16. Thrushes and Warblers together constitute an enormous 
group of cosmopolitan birds distinguished for their powers of 
song. The beak is slender and bent a little at the end, and the 
first wing-quilMs very short Some feed entirely on insectSr but 
others eat berries and the like as well. The plumage is quiet in 
colour, and there is not much difference in this respect between 
the sexes. 

Thrushes are stoutly - built omnivorous birds, in which the 
young differ frisfr the adults in their spotted plumage. They are 
commonest in South America, but are found in all parts -of the 
world, except Madagascar and New Zealand. 




Fir io8 — Warblers 

I Barred Warbler (ij /via 7 T ea^cr Whilethroat f S cnr>uca) 3 r.ardell Warbler 6 - W/r«xrr 

Whitethmatl? ettuna) 5 Bhclccap ^ atrutfUUf) 


Common British forms are the Son^-Thrush (Turdus wusicus). 
Fieldfare (7*. pilaris)^ and Blackbird (7. meruld)^ all of which are 
widely distributed in Europe, Asia, and North Africa. 
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'I he remaining native thrushes and thrush-like birds are: — Redwing {Turdus 
i/iacus); Ring-Ousel ( 7 ^ torquat€L)\ Missel-Thrush (T. viscivorus); Red-spotted 
Bluethroat (Cyanecula 5 uecica)\ Nightingale (Daulias luscinia)\ Robin Redbieast 
(Erithaois mbtcula)-, Whinchat (Pratincola ruhetra)\ Stonechat (/'. rubicold)\ 
Wheatear {JSaxicola afutfUhe) ; Redstart (Ruticilla phainicurus) ; Black Redstart 
tithys). 

Warblers ffig. io8) are smaller and slenderer birds than 
thrushes, and more insectivorous in their habits. There is not 

the same difference of plum- 
age between young and adult 
birds as in thrushes. Though 
the group is cosmopolitan, it 
is essentially characteristic of 
the Old World. 

Among the numerous 
British species may be men- 
tioned:— White throat {Sylvia 
cinered) ; Golden - crested 
Wren {Reguhis cristatus\ 
the smallest of European 
birds) (fig. 109); Sedge 
W arbler {A crocephaliis 
phragm{tis)\ and Hedge- 
Sparrow {Accentor modu- 
laris). 

Our remaining species of war- 
blers are : - - Lesser Whitethroat 
(Sylvia curruca) \ Blackcap Warbler 
(S. atricapiUd)\ (harden Warbler 
(S, hortensis)] Hartford Warbler 
{S. undata) \ Marsh Warbler (Acro- 
cephalus palu5iris)\ Reed Warbler 
[A. s(reperus) ; (jrasshopper Warbler 
(Locustella mria) ; Chiffehaff (Phyl- 
Willow-Wren (P. trachilus)} Fire- 

17. Wrens, properly so called, are small birds with fa’tly long, 
straight, or nearly straight, beaks and rounded wings. The tail 
is usually carried bent up over the back. Commonest in South 
Americai these birds are also found in North America, Europe 
and some parts of Asia. 

The Common Wren {Troglodytes parvulus) of Briuiin. is 



Fig. 109. -Golden-crested Wren [Regnlns criMtatus] below; 
K^re-cre^ 4 ed Wren ^R. igMicapdlut) above 

Icscopul rufiis)\ Wood- Wren (P. sibilatnx)\ 
crested Wren (Regulus tunica fiillts) (fig. 109). 
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essentially an European bird, but is also found in South-west Asia 
and parts of North Africa. 

1 8. Swallows are cosmopolitan birds with remarkable powetfs 
of flight. The beak is short and broad at the base, the feet weak, 
the wings very long and pointed, and the tail generally forked. 
The food consists of insects, which, as is well known, aie caught 
on the wing. 

The three British species are the Swallow {Hirundo rustica), 
the House-Martin {Chelidon urbica), and the Sand-Martin {Cotile 
riparid). All three have a wide distribution in Europe, Asia, 
and Africa, while the Sand-Martin also ranges from the north 
of North America as far south as the Amazon valley. 

19. Lyre-Birds, remarkable for the shape assumed by the 
tail of the male, have no very near allies. They are only found 
in South and East Australia. 

Order 2. — Picarian Birds {Picaria) 

This large order resembles that of the perching birds in many 
respects, but is distinguished by slight anatomical differences of 
too technical a nature to be given here. Most members of the 
group lay white eggs in holes or other places likely to escape 
observation. 

Among other families, those of i. Woodpeckers, 2. Toucans, 
3. Cuckoos, 4. Humming-Birds, 5. Swifts, 6. Night- Jars, 7. 
Hoopoes, 8. Hornbills, and 9. Kingfishers, may be more especially 
noticed. 

I. Woodpeckers, — These are tree -climbing birds, in which 
the fourth toe is turned back parallel to the first (zygodactyle 
type of foot), while the strong clfisel-shaped beak is used both in 
the pursuit of insects and to dig out holes for nesting purposes. 
The long worm-like tongue, which, covered by a sticky secretion, 
is used to capture insects, can be protruded to a considerable 
distance, and the related muscles and bones are specially modi- 
fied, as will be described elsewhere. The young are helpless. 
Woodpeckers range over the entire globe, with the exception of 
Australasiii. 

There are three British species, of which the best known is 
the Green Woodpecker {Gecinus viridis), a form which is distri- 
buted over most of Europe, and also ranges into Asia Minor 

voL. I 11 
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and Persia The other two are the Great Spotted Woodpeckei 
{Dendrocopi^s major) and the Lesser Spotted Woodpecker {D 
minor) 

2 r oncans are South American birds, distinguished by ex 
ceedingly gay plumage and an enoimous flatttned bill, uhich 
also is brightly coloured Their feet are zygodactyle 

3 Cuckoos are long tailed birds, with feet like those o1 
woodpeckers, the fourth and hrst toes being turned backwards 


big no — Cuckoo [Cttcvlut canm s 


They lange over most of th*^‘ globe but their head quaiters arc 
m tropic il legions Most of the Old World specu s lay then 
eggs in the nests of other birds but the New World sp^?CI( s 
build nests of their own 

The Common Cuckoo {Cncnlus canorus) (fig no) which is 
a British resident from April to August (though the young buds 
may stay later\ somewhat resembles a hawk in appearance, and 
IS often taken for such not only by human beings but also b) 
small birds The familiar cry is uttered by the male only, the 
note of the female being quite different It may be interesting to 
remark that the ‘‘cuckoo” call is only possessed by this species 
and by a South African form (Cuculus gularis), I'he c*ommon 
cuckoo ranges over most of Europe, Africa, and Asia. 
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4. Humming-Birds, remarkable for their small size, remark- 
able powers of flight, and, as a rule, the metallic brilliancy of 
their plumage, range from Mexico to the extreme south of South 
America The beak in the adult is long and slender, and the 
tongue has an elaborate mechanism for pushing it out and pulling 
it back, much as in woodpeckers Only the first toe is turned 
back>\ards 

5 Swifts are swallow -like birds with very long pointed 
wings, conferring considerable powers of flight. The short beak 
IS broad at its base, and the mouth is consequently wide. A 
swift can easily be distinguished from a swallow by counting the 
tail-quills, which are ten in number instead of twelve. The 
distribution is world wide, if New Zealand be excepted. 

The Common Swift {Cypstlus apui) of the l^ntish Isles is 
a summer visitor which nests in holes in roofs, walls, &c With 
the exception of a light patch under the chin, it is of a blackish 
colour, the < I ^ forked, and the exceedingly small feet have all 
four toes directed 


f 01 wards Ihisspt 
cit s ranges ()\( r the 
gr( atcr part ot the 
Old World 

6 A^ii^/it fars or 
(loat Siukt 7 s are 
mottled foims with 
hro.id beaks like 
those of swifts, and 
hail like feathers in 
the neighbourhood 
of the mouth "I he 
spotted eggs are laid 
in open places, and 
the young are thickly 
covered with down. 



tig III —Hoopoe {Upu^ 


Members of the group are found in all parts of the world, except 
New Zealand and some of the islands of the Pacific 


The European Night- Jar {Cafirimulgus Europaus) is found in 
these islands from mid- May till Septembti or it may be later. Its 
range includes most of Europe and Africa and South-west Asia. 

7. Hoopoes in many respects resemble the perching birds. 
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With which they are often included The well-developed first 
toe is turned backwards They are essentially desert forms, 
and their beautiful plumage is coloured so as to largely harmoni/e 
with surroundings of the kind The head is distinguished by its 
long slender curved beak and handsome crest of features, which 

can be raised or depressed 
at will 

1 he European Hoopoe 
( Upupa ipops) (fig III) IS 
a fairly common visitor to 
Britain 

8 Hornbtlis (fig 112) 
are large tropical birds, 
ranging from Africa to the 
Solomon Islands, and distin 
guished by the possession of 
enormous beaks, which in 
some cases have a large 
projection or cascjue on the 
upper side at the base 

9 Kin^ fishes are dis 
tinguished by the structure 
of their feet in which the 
great toe is back ward 1) 
directed, and the two outer 
toes united together 1 he 
beak is strong and pointed, 
varying m shape according 
to the food, which in one 
group consists of fish, in the 

other of reptiles and small mammals Kingfishers have a world 
wide distribution, but are most abundant in the Australian half of 
the East Indies, from Celebes to New Guinea, to which area the 
majority of the genera are confined 

The European Kingfisher {Alcedo tp^da), which is a well- 
known British resident, is distinguished by its beautiful plumage, 
in which various shades of blue predominate above while the 
under surface is chestnut-coloured. As in the fish eating species 
generally, the l^eak is long and pointed, while the tail is short 
As an example of the reptile-eating kingfishers, the Laughing 



Fig iia — Rhinoceroi Hombdl (Buctm rktnocerm) 
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Jackass {Dacelo giganted) (fig. 113) of Australia and New Guinea 
may be taken. Here the beak is broader and stronger, and the 
tail is longer than in fish-eating forms. 

Order 3. — Owls {Str'iges) 

Here are included birds of prey, which are mostly nocturnal, 
and of characteristic appearance mainly due to the large forwardly- 
directed eyes surrounded by discs of radiating feathers. The 
four toes of the strong 
feet are all provided 
with sharp claws, and 
the fourth toe is re- 
versible, being turned 
forwards or back- 
wards at v'ill In 
flight these birds are 
peculiarly noiseless 
their plumage being 
extremely soft. Th^ 
young are helpless. 

Owls are universally 
distributed, and in all 
countries are regarded 
withawe by the super- 
stitious, which is no 
doubt the result of 
their peculiar appear- 
ance and .habits, ag- 
gravated by a most 
unearthly voice. 

The most familiar 
(Strix Jlamni€€i)y which is almost as universally distilbuted as 
the order to which it belongs. Other well-known native forms 
are the Tawny or Wood-Owl {Sy^niinm alnco), the “hoot” of 
which is a familiar country sound, the Long-eared Owl {Asia 
otui), and the Short-eared Owl {Asio act^Hinnus), The ‘ ears” 
of the last two kinds are tufts of feathers on the top of the head. 
The large Snowy Owl i^Nyctea Scanchacd) regularly \isits North 
Scotland during the winter. 



tig 1 13 — Laughing J arka^^ Dacelo gtt^nuten 


British form is undoubtedly the Barn-Owl 
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The largest members of the group are the Great Homed or 
Eagle-Owls, of which the Great Eagle-Owl {Bubo ignavus) is 
sometimes caught in Great Britain, while the Pigmy-Owls are the 
smallest, being little more than half the size of the Bam-OwL 
Interesting modifications of habit are found in the Hawk-Owl 
(Sumia ululd) of North Europe and Asia, which hunts its prey 
during the day; the Fish-Owls of Africa and South Asia, which 
frequent the neighbourhood of streams and lakes; and the little 
Burrowing-Owl {Speotito cunicularid) of America, which lives in 
the burrows excavated by rodents. 

Order 4. — Parrots {Psittad) 

Parrots and the like constitute a large and well-marked group, 
the characters of which are familiar to almost everybody. The 
beak is short, stout, and hooked, a remarkable feature being that 
the upper jaw can be moved up and down as well as the lower 
jaw. A prominent cere is present. The legs are short and 
strong, while the feet are modified to serve as climbing organs, 
the fourth as well as the first toe being turned permanently back- 
wards. The hooked beak is also used in climbing. The young 
birds are hatched in a helpless condition. The group is essentially 
tropical and sub-tropical, and is most abundantly represented, as 
regards number of specijes, in Australasia, from Celebes east- 
wards; whHe in abundance of individuals South America stands 
pre-eminent. 

Probably the most familiar form is the common Grey Parrot 
{Psittacus erithacus) of Equatorial Africa. Its short square-ended 
red tail is distinctive. The Cockatoos, distinguished by their 
crests, are natives of Axistralia and the eastern Malay Islands, 
ranging also into the Philippines. The gorgeous long -tailed 
Macaws range from South America into Mexico, while the little 
Love-Birds are limited to Madagascar and Africa south of the 
Sahara. The Parrotlets are diminutive South American forms. 
Two small and peculiar families of parrots are confined New 
Zealand and the neighbouring islands. Qne of these includes 
the Nestor- Parrots, of which the form known as the Kea {Nestor 
notabiiis) has earned an evil reputation by its acquired habit of 
preying on sheep. The other family is constituted solely for the 
reception of the Kakapo or Owl- Parrot {Stringops habrophlus). 



Ll-AUf.EATFR’S COCKATOO {Cacatua Leadbeatert) 

Cockatoos {Cuatuidcp) aie among the most topic'll b rds» of the 
Australasian region, fiom Celebes to the Solomon Islands, and 
iKo ranging noith to the Philippines I hey ire absent from Neu 
Zealand I he eiectile crest ind short bioad tul are chaiactcnstic 
features 

The beautiful speeies figuied is niti\e to South Auslialia, and 
IS of unusu illy large size, attaining the length of i6 inches 
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which has lost the power of flight and Kves cwi liic ground 
The owl-like appearance is due to slender radiating feathers round 
the eye. 

Order 5 . — Pigeons and Sand-Grouse (Columbae) 

The description already given of a pigeon (p. 139) will give 
ri good idea of the appearance and structure of the birds of this 
order. 

Pigeons and Doves are distributed over the entire globe, but 
the largest number of peculiar genera and species are found in 
die southern land 
masses, especially 
Australia. 

British species are 
the Rock I^ow nr 
Hlue-Koik {Colnmba 
livia), the Ring- 
1 )ov(‘, Wood- Pigeon, 
or Cushat (C. pal- 
limbus), the Stock- 
Dove (C cenas), and, 
as a summer visitor, 
the Turtle-Dove 
( Purtur communis). 

Probably the most 
striking of exotic 
forms, and the 
largest members of 
the group, are the Crowned Pigeons of Australasia (fig. 114). 

Sand-Grouse are essentially desert birds, and are quietly coloured 
to harmonize with their surroundings. Their head-quarters are 
Africa and Central Asia, also extending into South-west Europe 
and into India. Their unusually short legs and toes prevent 
them from perching, but the wings are long and pointed, con- 
ferring great powers of flight. The tail is also pointed. Some 
naturalists place these birds in a special order, and they have 
affinities with game-birds as well as pigeons, as shown by the 
structure of their digestive* organs and the fact that their young 
are precocious. 



Iig 1 14 —Crowned Pigeon (^(7Mra} 
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Pallas’s Sand-Grouse {^Syrrhaptes paradoxus) inhabits, during 
summer, the steppes between the Caspian and Lake Baikal, 
mig^ting farther east in winter, and from time to time invades 
Europe in smaller or larger flocks, penetrating as far west as 
the British Isles. 


Order 6. — Gulls (Gaviae) 

In many respects these birds resemble the piovers, and like 
them are cosmopolitan, and have precocious young. They differ, 

however, in being 
adapted to a marine 
life, as seen especially 
in the fact that the 
three front toes are 
connected by a web 
It may also be noted 
that the plumage is 
entirely or largely 
light in colour. 

Well-known Bri- 
tish types are the 
Common Tern (Ster- 
na Jluviatilis), the 

Fif 115 -Hcmng Gull (/ arw CommOn G ull (LarttS 

canus), the Herring- 

Gull (Larus argenta(us) (fig. 115), and the Kittiwake {Rissa 
Irtdaclyla), 

The other British gulls, &c., are: — Lesser Black-backed Gull (Larus fuscus)] 
Great Black-backed Gull (Z. marinus); Glaucous Gull (Z glaucus), Iceland Gull 
{Z. Uucopteru 5 )\ Little Gull (Z. minulus); Black-headed Gull (Z. ndtbundus). 
Sandwich Tern (Sterna Cantiaea); Roseate Tern (S Dougalli), ArctK: Tern 
(S macrnra); I«ttle Tern (S, minuta); Black Tern (Hydracheltdon ntgra)^ Common 
Skua (Sierccrarius catarrhactes) (fig. 117); Richaxdsm’s Skua (S crepidatus), I ong- 
tailed Skua (S parasiticus) y Pomatorhine Skua (S. pomatorhinus) 

Order 7, — Plover^ (Limicolae) 

Here are included birds with long pointed wings and long 
legs. The toes are not as a rule webbed, and the first toe is 
very small Young precocious. The distribution is world-wide. 
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They include Plovers, Curlews, Phalaropes, Sandpipers (fig. 116), 
Woodcock, Snipe^ &c. 

British types are the Golden Plover {^Charadrius pluvialii) 
^fig. 1 17), the Lapwing or Peewit {Vanellus crisiatus), dis- 
tinguished by its handsome crest and peculiar wailing cry, the 



Woodcock (Scolopax rusticula), and the Common Snipe [Gallinago 
ccelesits), both thde last possessing long, straight, slender beaks. 

The remaining Bntish species are: — Stone Curlsw {(Edicnemus scolopax), 
Pratincole (Glareolus /frattncoic^^ \ Ringed Plover {/Egtahtis htcUtcula)\ Kentish 
Plover (jE, Cannana) Dotterel (Eudrotntas marifteiius) \ Oyster Catcher 
{Hamatopus ostreUegms)) Gtey Plover {^ataro/a Helvetica), Turnstone (Str^SflM 
tnUrpres)’, Sanderling {Cahdns arenardi), Bar-tailed Godwit {Limosa Lappomca), 
Black-tailed Godwit (Z. Belgica\} Great Snipe (Galhnago major) \ Jack Snipe 
{G. geUhnulct)\ Ruff (AfacOetes Pngnax); Curlew {JVumetuus arquata); Whimbrel 
{If- phceopus)\ Grey Phalarope (Pkalaropus fulmrius) (fig. 117 ); Red-necked 
Phalarope (P. hyperboreus) \ Common Sandpiper {litanus hypoleucui)\ Wood 
Sandpiper (71 glareolus)) Green Sandpiper (7! ochrepus)) Dunlin {Trimga alptna); 
Knot (7! camu/us)) Little Stint (7! mifwta)) Sharp-tailed Sandpiper (7T acurntnata); 
Purple Sandpiper (7! striata) ; Curlew ^dpiper (7! subarquata)) Temmincks 
Sandpiper {T Temmineh). 
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Order 8. — Bustards and Cranes (Alectoridcs) 

This is a somewhat artificial assemblage oi fo^ms which 
agree in many respects with the game-blrcU> differing, however, 
in minor anatomical characters. The young are precocious. 

Bustards are thick-set birds common in the open parts of 



Fig 117 —Skuas [SUrcffrantu), FhaUrope {FMalmret^), sad Golden Flercn \Ckmrmdrua) (from left to nght) 


the Old World, including Austr^ta. The Great Bustard {Otis 
tarda) was formerly abundant in Britain, but is now only an 
occasional visitor. The male possesses curious white “whiskers'* 
made up of hair-like feathers. 

Cranes resemble herons and storks in their general appearance, 
but are distinguished from them by a number of characters, one 
being that the short Hrst toe if iBised a Itttk off the ground. 
Further, the young are precocious Instead oS Mng helple.ss. 
The Common Crane {Grus ctnerea) (fig. i i&!f i$ now only seen 
wild in Britain 2^ a rare visitor, but 300 years ago was common. 
It ranges over most of Europe, North Africa, and Asia. 
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Order 9. — Rails (Grallae) 

These cosmopolitan birds are closely allied to those of the 
following order, but are of more slender build, with feebler wings, 
shorter tail, and less compact plumage. Many of the species have 
lost the power of flight 

Common British examples are the Land- Rail or Corn-Crake 
{Crex pratensis), the peculiar creaking call of the male being a 



Fig 118. — Coramon Oane (Grm churtm). (I* rom ui insuinuneous pnotograpn; 


familiar sound on summer evenings, the Water- Rail [Rallus 
aqtmticus\ the Moor- Hen {Gallinula ch/oropus), and the Coot 
{Fu/ica aira). The toes of the last-named species are lobed. 
The Spotted Crake {Porgana marnettd) also occurs in this 
country. 
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Order lo. — Game-Birds (Galltnae) 

One has only to think of the appearance of ordinary fowls 
to realize the leading characteristics of this order. The body 
is plump and supported on strong legs adapted for rapid pro- 
gression, and provided with strong claws suitable for scratching 
up the ground. The neck is fairly long, and the rounded head 
is provided with a strong beak, the upper half of which projects 
beyond the lower. The young are precocious, and soon able to 
look after themselves. 

All the various domestic breeds of fowls, despite their extreme 
diversity in appearance, would apjKvir to be descendants of the 
Red Jungle- Fowl {Gal/us Bankk*cx), a species wliich ranges across 
North India from Kashmir to Assam, and also extends farther 
cast as far as the Philippines. In general appearance these birds 
much resemble game-fowls, and, like their tame relatives, possess 
a notched fleshy comb, and a pair of wattles hanging from the 
throat. 

Jungle-fowl are closely related to the Pheasants^ which have 
a wide range in the Old World. The common Pheasant 
[Phasianus Colchicus) is not a native of this country, but of Asia 
Minor and South-east Europe. Other species extend the distri- 
bution of the group to East Asia, which must be considered its 
head-quarters. The male bird, as in so many other cases, is 
much more brightly coloured than the female, and this difference 
is emphasized in many exotic forms, as particularly in the 
Gold and Silver Pheasants (Chrysolophus pictus and Genneeus 
nycthemerus), both of which are natives of Eastern Europe. 

Conspicuous among domesticated game-birds in this country 
are the Peacock {Pavo cristatm), found native in India and 
Ceylon, Guinea-Fowl (Numida fneleagris)^ belonging, as the name 
indicates, to West Africa, and the Turkey {Meleagris ga/lopavo), 
from the southern parts of North America. 

Other well-known inhabitants of Britain are: Partridge {Peraix 
cinered)\ Red-legged or French Partridge {Caccabis rufd), intro 
duced about a century ago; Quail (jCotumix communis); Caper- 
cailzie ( Tetrao urogallus) ; Black Grouse {Lyrurus tetrix) ; Red 
Cirouse {Lagepus Scoiicus); and Ptarmigan (Z. mutus), the las.t 
being remarkable for the changes of plumage exhibited at differ^ 
seasons of the year. 
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The Red Grouse deserves special mention, for with the 
exception of certain fresh-water fishes, it is the only vertebrate 
species peculiar to Britain. 

Order ii. — Tinamous (Crypturi) 

This is a small group of South American birds which are 
locally Ccilled “partridges”, a name which at once suggests their 
general ap|>earance and size. Though, however, appearing to 
have certain points in common with game-birds, they are also 
idlied to flightless birds (ostriches, &c.), as is evidenced by the 
structure of the skull 
and by the much-rc- 
duced tail, the quills 
of w hich are not sup- 
ported by a plough - 
share-bone resulting 
from the fusion of 
the last few vertebrae 
(see p. 144). 

Order 12. Eagles 
and Vui.ruRFs 
(Accipitres) 

1 1 has been a 
frequent practice to 
associate together as 
“birds of prey”eagles, 
vultures, owls, and 
their allies; but the 
association, like many 
others founded mainly on habit, is an artificial one, and it is now 
considered better to make two groups of such birds. The one 
under consideration includes those forms which hunt their prey 
in the daytime. The beak is hooked and the toes are furnished 
with formidable talons, but the great toe is not reversible as in 
owls, being permanently directed backwaids. The plumage is 
compact, and the eyes face to the side. 

Four groups are here included — Falcons, vultures, American 
vultures, and secretary-birds. 



Fig 1 19 —Peregrine Falcon [Fako /eregritius 
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Falcons, — Most of these forms pursue living prey, while both 
head and neck are as well provided with featheis as the other 
parts of the body. 

As a type of the true falcons, the Peregrine Falcon {Falco 
peregnmts) may be taken, and this form is of particular interest 
on account of its former use in hawking. The head and upper 
side of the body are dark, and the under side light with black 
barrings (fig. 119). The short beak is notched at the sides, and 
the legs and cere are yellow. It ranges through Europe and 
away to Japan ra the east and North-east Africa in the south. 

The Kestrel or Windhover {Fa/co /tnnuncu/us) is a familiar 
species closely related to the preceding, but much smaller. Its 
range is similar. 

The remaining British Falcons are: — Merlin (Falco (Psalofi)\ Hobby (F sub 
hutto)\ Red-fooled Falcon (F, 

Another group closely related to the true falcons is that of 
eagle-like birds, including not only eagles, but also kites, Lu/zards, 
hawks, and harriers. I'he eagle par excellence is the Golden 
Eagle {Aquila chrysaetus\ of which the eyries are still to be 
found in the Highlands and along the west and north of Scot- 
land, while a few are to be seen on the west coast of Ireland. 
Its geographical range is very con.siderabie, including Euro|)e, 
North Asia, North Africa, and the greater part of North America, 
We have also the White-tailed Eagle (IfalwFius albicilld). The 
Crowned Harpy (HarpyhaluHitus coronatus) is a crested eagle, 
widely distributed in South America. 

A familiar example of the smaller eagle-like birds is the 
rapacious Sparrow-Hawk (Accipiter ntsus), which is common in 
the well-wooded parts of Britain. Long-legged and slender in 
its proportions (fig. 120), this bird is otherwise not unlike a falcon 
as regards the character and markings of the plumage, but is 
distinguished by shorter wings, more gently curving beak devoid 
of notches at the side, and a peculiarly dashing flight. The 
female Sparrow-Hawk destroys more game than any other native 
bird of prey. As to range, this form extends throughout Europe, 
North Asia, and North Africa, while allied species are found in 
most parts of the globe. 

The other eagle-like birds of Britain are: — Common Buzzard (Buteo vulgaris); 
Rough-legged Buzzard (B, lagopus); Marsh Harrier (Circus aruginosus); Montagu’s 



RUPPEL’S VULTURE {Gyps Ruppelt) 


ihis powtrful bird ib an inhabitant of the Westein Soudan. 
Itb strong hooked beak and well de\ eloped talons show it to be 
a bird of prey, while the baie neck is characteristic of the group 
of Vultuic^ to whu h It belongs In tiopical countries dead animals 
begin to putrefy very rapidly, and would constitute a serious nuis- 
ance wcic there not some natural provision for their speedy removal 
Vultures are typical scavengers, the bare necks of these creatures 
arc an obvious adaotation to their nauseous but useful habits. 


10 



RUPPELS VULTURE (GYPS RUPPELI) 


A STUDY FROM THE UFE 
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Harrier (C. cineraceu5)\ Hen Harrier (C. cvaner/s), Kite (Miltnts ictinus)\ Osprey 
{Pandion hahaetus)\ Honey Buzzard {Perms aptvofus). 

Vii/inres . — Here are included larire birds which for the most 
pari feed on carrion, and therefore play an important part in 
nature as scavengers, in accordance with which habit the head 
and neck arc as a rule devoid of plumage, or only provided with 
short stiff feathers. The long^ 
bctik is sharply bent down at 
the tip, and there is a large cere. 

These birds are common in the 
warm parts of the Old World. 

A well-known species is the 
Black Vulture {Vu/htr 7)2ona- 
w^hich ranges from the 
Kuropt’an and Africvin shores 
of the Mediterranean to India 
and China in the east. Its beak 
is black, lik(‘ its plum«ige, while 
the ban* h(‘ad and lU'ck are 
Ih'sh (olouied, th(‘ latter being 
further distinguished by a p(‘c u- 
liar rull of feathers, as commonly 
is the (ase in birds of the gr()U[). 

\notlier typical form is Ruppel’s 
Vulture {(^yp^ Rifppch), a native 
of \orth Africa. 

.hfun{(7if I P/Zz/nw diffi^r in 
a number of respects from those 
of the Old World, .is particu- 

. . . . ^ . Fir i-’o ‘^pirrow H^wk ( Im/ 

larly in tlu' absence of a syrinx 

(the organ of voice specially characteristic of birds), and the Lick 
of a partition between the right and left nostrils. To tin's group 
Ixdongs the largest of living Hying birds, the Condor (Scr^ro- 
7'hampiis g7yphus) of the Andes, in which the spread of the 
wings may be as much as 9 feet The shining black plumage is 
relieved by a white neck-ruff, and by white and grey shading on 
the wings. In the male there is a fleshy outgrowth or wattle on 
the top of the head. These birds, though mainly carrion feeders, 
also prey on living animals. 
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Secretary-Birds, — The only representative of the last group 
of diurnal birds of prey is the well-known Secretary- Bird {^Ser- 
pentarius secretarius), which ranges from South hiricai far north 
along both sides of the continent In genera^ appearance it 
looks like a modified eagle mounted on stilts, and may exceed 
4 feet in height The naturally long tail is made still longer 
by the great extension of its middle pair of quills, and projecting 
backward from the head on each side is a loose crest which 
suggesting a bundle of quill pens carried aMve the ear, has given 
rise to the popular name. The plumage on the head, neck, and 
front part of the body and wings is mostly light -grey, but the 
top of the head, with the crests, the quills (except the middle pair 
of the tail), the abdomen, and the tops of the legs, are much darker 
in hue. 

Secretary-Birds feed on reptiles, small mammals, and game 
birds. 

Order 13, — Ducks, Gkesk, and F^lamingois (Aiiscmcs) 

In this large order the large bill is usually broad and llattened, 
and the three front toes, are united by a web. 'I'he \oung arc 
“precocious”, i.e, able to run about and feed themselves almost 
at once, as is familiarly illustrated by the case of the duckling. 
Species belonging to the order are found in all parts of the world. 

Ducks and Geese. — These are short-legged birds with broad 
straight bills and smooth plumage which easily sheds the water. 
They are essentially adapted to an aquatic life, and their clumsy 
movements on land are familiar to all. A common type is the 
British Wild Duck {Anas bosc/ias), from which our domesticated 
varieties are derived. The brilliant colouring of the drake is 
too familiar to need description. This species ranges over the 
whole of the Northern Hemisphere. Shoveller Ducks are dis- 
tinguished from other ducks by the peculiar shape of their un- 
usually large bills. The Common Shoveller {Spatula clypeatd} 
is a winter visitor in Britain. Among other British ducks, Teal 
{Querqucdula quetta). Widgeon {Mareca pcnelope^, and Eider 
Ducks {Somateria mollissimct) may be mentioned here. 

The remaining native ducks are: — Pintail (Dafila acuta) \ Tufted Duck 
(Fu/(^/a cristata)] Pochard (/'’ ferina)\ (#olden-eye Duck {F. g/aucion); Scaup 
(F. marila)) Ferruginous Duck (F. myroca) \ Long-tailed Duck i^Harelda g/aciaiis)’,. 
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Smew (Mergus albellus) , Goosander (M merganser) , Red breasted Merganser 
(M serraior), Velvet Scoter /usca)^ Black Scoter (6E ntgrot), Sheldrake 

(Tadoma comuta) 

Geese are heavier and clumsier birds than ducks, and there 
is a curious knob on the tip of the bill The domestic form is 
in all prob«ibility 
descended from the 
( j rey lag Goose 
( hisir cinciiiis) 

(hg 121 ) which 
breeds only in Ih i 
t im uul ranges 
I ruin oui islands 
throughout I urope 
tind as far cast as 
China lneL.g)p 
tian Goose (L/un 
(jk)pi\ I pi Hic us) 
vv is domesticated 
by the ancient 
l.gyptians, who much appreciated it as an article of diet as is 
attested by sculptures 

Other British geese besides the (rrcylag m —A\hite fronted Oefse (An^tr 
albifrofu) PinkfooUd (icese ( / Ira/nthynchu), Be in (jecse {A ^e^^ttum) , 
Brent Geese (Bantela lrtnta)y Bernule (iCtse (7? h tcopsts) 

Stvans are large birds related to the geese but dislinguisht d 
by their long slender necks and shoiter bills The common White 
or Mute Swan 0 / 0 ^) is distributed through Europe and 

also ranges into Asia and North Africa We ha\e also Bewicks 
Swan (C. Beivickt) and the W hooper (6" 7misinis) Remarkable 
species as regards colour are the Black Swan (Cygnus ahatus) 
of Australia and the Black necked Swan {Cygnus 7i2gncollis) 
of the southern parts of South America 

Flamingoes are large birds which give a geneial impression 
of swans mounted on storks’ legs but .^re peculiar in regnrd to 
the beak, which is very large and bent sharply downwards for 
the greater part of its extent 1 he species arc not very numerous, 
but have a wide distribution, being absent however, from the 
colder regions of the globe and from Australia The Common 



I* g 121 — rre> lig Goose {Amer anerei s) 
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Flamingo {^Phcsnicopierus roseus), like all its allies, is distinguished 
by the prevailing red colour of the plumage, the predominant 
shade in this case being rose-pink relieved by the black wing- 
quills and scarlet wing-coverts. The black-tipped beak is other- 
wise rose-coloured, as are the legs and feet This particular 
species ranges from the south of France and Spain eastwards 
to Siberia and India, and southward to the Cape. 

Order 14. — Hkrons and Storks (Herodiones) 

The birds of this order are long-legged waders with powx^rful 
wings and long strong pointed beaks. The feet are either not 



!• i;; I n. iicrc'ii!. jiicl ihcir Nt -.t' 


webbed ac all or only partially so. and in the latter case the great 
toe is always free. The order includes the groups of herons, 
storks, and ibises. 

Herons (fig. 122). — These are slenderly-built birds with 
narrow beak, and in most cases a slender neck. The wings are 
large but blunt- tipped, and there is a curious patch of “ powder 
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down ” feathers on each skie the rump, of downy feathers 
the tips of which readily crumble into powder. The plumage 
is somewhat loose, and the head or adjacent parts are often 
crested. Herons are mostly found in marshy places^ preying 
upon fish, or it may be other small animals. Though commonest 
in tropical and subtropical regions, they are also widely distributed 
elsewhere, and are best known in Britain as represented by the 
Common Grey Heron {Ardea cinerea), the unfortunate bird 
which was the chief victim of the ancient sport of falconry. This 
species ranges eastwards to Japan, and southwards to the Cape. 
Bitterns and Boat-billed Herons are other members of the group. 

lJt“)idts the Cirey Heron, we have in Britain: — Common Bittern {Botaurui 
st€/larts) ‘j Little Bittern (Ardetfa mtnutd)\ Night Heron {^Nycticorax gnseus). 

Storks . — These are not so slenderly built as herons, and do 
not possess patches of powder-down feathers. The three 
front toes are connected together at their bases by a small web. 
Like herons, they haunt swamps and inland waters, feeding largely 
on frogs, and their distribution is equally wide. 

'Fhe White Stork {Ciconia alba) is found in most parts of 
Kurope, from which it ranges into North Africa, Central Asia, 
and India, This bird is a familiar object on the Continent, 
enjoying for the most part immunity from human attack, and 
nesting on chimneys, the gable-ends of buildings, &c. It plays 
a large part in fairy tales and stories, as everyone knows 
who has read “Andersens Fairy Stories”, and who has not? 
All will remember that the Stork is supposed to bring the new 
brothers and sisters, as witness the story of the irreproachable 
Peter, whose invocations to this invaluable bird were rewarded 
by the appearance of a brother and sister at the same time. 
Closely related to ordinary storks are the large, ungainly 
Adjutants or Marabout Storks of Africa and India, with enor- 
mous bills. They feed not only upon small living animals, but 
also on carrion, and in accordance with this habit the head is 
destitute of ordinary feathers. 

Ibises . — Smaller than the average members of the preceding 
groups, these birds possess beaks whicli are only hard at the 
tip. Their wings are pointed and their tails abbreviated. In 
habits and distribution they are very similar. The best -known 
species is the African Ibis {Ibis Jstkiopica) (fig. 123), which 
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was venerated and embalmed by the ancient Egyptians, and 
which, with its long curved beak and bald black head and neck 
contrasting with the generally white plumage, is a striking object 

Its head-quarters are 
now the upper waters 
of the Nile, from w'hich 
it ranges with dimin- 
ishing numbers to 
Cape C'olon). A 
beautifull) - colouitd 
form is the Sc at let 
Ibis [Cuara i of 
tropical America and 
the West Indies, in 
which the plumage is 
bright scarlet except 
the wing-tips, which 
are black. 

The widely distri- 
buted Spoonbills are 
closely related to the 
Ibises, but are distin- 
guished by the peculiar form of the broad straight beak, which 
widens out into a rounded end. The White Spoonbill {Platalea 
leucolodia) is a common European bird whfch also ranges into 
North Africa and eastward to India and North China. It is but 
rarely seen in our own country. The beak and legs are black 
and the plumage prevailingly white 

Order 15. — Pelicans and Cormorants (Steganopodes) 

This order of swimming birds includes short-legged forms 
in which all four toes are well developed and connected together 
by a web. The wings and tail are large, and the organization is 
adapted for the pursuit of fish. Four groups are here included: 
Pelicans, Cormorants, Frigate-Birds, and Tropic- Birds. 

Pelicans , — These well-known birds are distinguished by their 
enormous flattened beaks, to the lower half of which is attached 
a large pouch in which fish can be stored. “ Feeding time ” 
with the Pelicans is one of the favourite spectacles of interest 



tig 123 “ Afncan Ibts {Ibtt jEtktopica) 
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at the Zoo. The group is widely distributed in the warmer 
parts of the globe, and its members haunt the banks of rivers 
and the neighbourhood of swamps. The best-known species is 
the European Pelican {^Pciccauits onoc7'o(alus\ which is found not 
only in South Europe, but North Africa, and also in parts of 
West AfriccL 

Con;wran/s. - These are smaller birds than the pelicans, and 
are characterized by their long bodi(‘s and necks and the 
possession of a moderately long beak, rathcT narrow, and hooked 
at its tip. Hoth face and throat are bare of feathers. Cormorants 
are excellent divers and swimmers, and their greediness is 
extreme. Two species are well known in British seas. One, 
the IMack Cormorant [Pka/acrocof'ax cardo), has an extra- 
ordinarily wide range, including all Europe, North Africa, most 
of Asia, and the Atlantic shores of North America. The other 
British species is the Green Cormorant or Shag (/\ g^'acuhis). 
The Chinese ;;ed Japanese train cormorants to fish for them, 
and, until properly trained, a ring is pul round the neck to prevent 
the captures from being swallowed. 

Other birds related to the cormorants are Gannets and Darters. 
Of the former the most familiar type is the Common Gannet 
{Su/a bassana), found on the coasts of the northern seas, and 
breeding in vast numbers at one locality on the east coast of 
Britain, the Bass Rock. The Scottish name for this bird is 
the Solan Goose, a name which suggests its general appearance, 
though about the neck and head it is much more like a cor- 
morant. The head and neck are buff-coloured and the wing tips 
black, but otherwise the plumage is white. The “ boobies ”, so 
named from their fearlessness, of which we read in accounts of 
voyages to southern seas, are closely allied to gannets. 

Darters or Snake-Birds are a small group with exceedingly 
long flexible neck, small head, and long, extremely sharp-pointed 
beak. The legs are attached far back to the elongated body. 
These forms haunt the inland waters of South America, Africa, 
India and Further India, and Australia. 

Frigate and Tropic Birds are both distinguished by their 
pelagic habits, i,e, they are commonly found in the open sea at 
great distances from land. Each group contains but a single 
genus, and the distribution is similar, as both of them are found 
in the warmer parts of the Atlantic, Pacific, and Indian Oceans. 
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The Great Frigate-Bird (Fregatus aqutld) is a striking object, 
with its long, hooked beak, powerful wings, and forked, swallow- 
like tail. The legs are extremely short, and feathered to the 
toes, which have but an imperfect web. The dark plumage of 
the male is relieved by a bright-reddish throat Tropic-Birds 
are well known from their habit of following ships. They are 
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small and light-hued, differing from Frigate-Birds in the shape 
of the beak, the complete webbing of the toes, and the nature of 
the tail, of which the two middle quills are much elongated 
The commonest species is the Red-beaked Tropic- Bird {^P/iathon 
atkereus), prevailingly white in colour, but with a coral-red beak. 

Order i6. — Petrels and Albatrosses (Tubinares) 

The birds of this order are good swimmers, and have wrebbed 
feet not unlike those of the next two orders. They are essentially 
marine, and have a wide distribution, being commonest, however, 
in the seas of the southern hemisphere. The members of the 
group are distinguished by being tube-nosed ”, i.e. the nostrils 
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open upon 'a pair of forwardly-directed tubes. All are powerful 
flyers, and their food consists of fish, various small marine animals, 
and refuse of various kinds. The strong beak, with shaip, hooked 
tip. is well adapted to the carni\orous habit. 

The Wandering Albatrass (Diomedca exulans) (fig, 1 24), dis- 
tinguished by its enormous spread of wing (10 to 12 feet), and 
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found chiefly in southern seas, is immortalized in Coleridge*s 
Anient Mariner. Almost as well known is the Storm Petrel 
(Precellaria pelagica) of the North Atlantic, called “ Mother 
Carey’s Chicken** by sailors. It is only 6 inches long, and is 
the smallesr .web-footed bird found in Britisn seas. 

Order 17. — Divers and Grebi-> (Pygopodes) 

The diving birds are distinguished by the modifications they 
have undergone to enable them to pursue fish. In accordance 
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with this, the short legs are attached to the body extremely far 
back, and the feet are either webbed or the toes are broadened out 
into lobes. As in a pigeon, there are three forwardly-directed 
digits, but the great toe. instead of being well-developed, is either 
small or absent, not being required in birds which are not in the 
habit of perching on branches and the like. The wings are 
comparatively short, and are useful not only as organs of flight, 
but to assist the animal in swimming. The stniight beak is more 
or less flattened from side to side. Auks, Divers, and Grebes 
are included in this order. Of the first group perhaps the most 
interesting is the Great Auk, or Gare-Fowl {A/ca impennis) (fig. 
125), which is unfortunately extinct, the last specimens having 
been shot in 1844. It formerly occurred ;n great numbers on 
some small Icelandic islands, and Funk Island, near Newfound- 
land, to which localities it largely resorted for breeding purposes. 
Its small wings were useless for the purposes of flight, a fact which 
had much to do with its extinction. All the remaining flightless 
birds are limited to the southern hemisphere. The nearest living 
relative of the Great Auk is the Common Razorbill {AUa torda) 
(fig. 1 26), which is common in British seas and has a wide range 
along both shores of the North Atlantic. Near the Auks come 
the Guillemots, with narrower and straighter beaks. The type 
form is the Common Guillemot {Uria troile), which has a similar 
distribution to the Razorbill. . Much more peculiar forms are the 
Ptijffins, called “ sea parrots” from the shape of their exceedingly 
large and laterally - compressed bills. The Common Puffin 
{Fratercula arctica) is the only kind found in British waters, and 
has a winter range from the Arctic regions to the Tagus on the 
eastern shore, and to New York on the western shore, of the 
Atlantic. The orange-coloured beak, shading into red at the tip, 
and the white plumage covering the breast and sides of the head, 
make this bird a conspidious object 

Other British Auks are: — little Auk {Merguius Black Guillemot (Uria 
gryU€\ 

The Divers differ from the auks in several particulars, the most 
obvious of which is found in the greater length and sharpness of 
the beak. The Great Northern Diver {Colymbus glacialis), which 
ranges from the Arctic regions to the Mediterranean and is not 
infrequent on British coasts, is distinguished by its black head, 
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throat shaded with black and white, and dark back crossed by 
rows of white flecks. The under side is white, as in so many 
birds and other animals. 

There are two other British Divers: — Black-tliroated Diver (Colytnbus arcticus)\ 
Red-throated Diver (6*. septentrional is). 

Grebes resemble the preceding groups in many respects, but 
their toes are expanded into lobes instead of being webbed, and 
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the tail is very small, and provided with a downy tuft instead 
of the usual quills. The plumage of Grebes is much used for 
ornamental purposes, and its beauty is mainly due to the silky 
white feathers which cover the breast 

The most familiar member of the group in Britain is the 
Dabchick or Little Grebe {Podicipes Jluviatilis\ a bird which has 
a very wide range and is common on rivers and ponds. 

Other Grebes which occur in British waters are: — Slavonian Grebe (Podidpes 
auritus)\ Great Crested Grebe {P. cristatus\ Red-necked Grebe (P» griseigenay, 
Eared Grebe {P. nigricollis). 
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Order i8. — Penguins (Impennes) 

Penguins are web-footed birds with reduced great toe, re- 
sembling the divers in a number of particulars, but still better 
adapted to an aquatic life, as is seen especially in the wings, 
which are useless for the purpose of flight and are transformed 
into flippers covered with very numerous scale - like feathers. 
The hind-limbs, in which the tarso-metatarsal region is unusually 
short, are fixed to the body very far back, and the small tail, 
unprovided with efficient quills, serves as a prop by which the 
body is steadied in the upright position which is habitual on 
land. The long, straight beak, somewhat flattened laterally and 
with a sharp point, is well adapted for seizing and holding the 
fish which constitute the chief food. Penguins have a very wide 
range along the shores of the continents and islands south of the 
equator, flocks of them being abundant even on the desolate 
Antarctic coast Few birds, if any, are so remarkable in appear- 
ance, and they have attracted the attention of all travellers in 
southern se^. 

As examples may be taken the Emperor Penguin {Aptenodytes 
Forsteri) of the Antarctic regions, which is about feet high; 
the King Penguin {Aptenodytes Pennanti) (fig. 127) of Kerguelen 
Land; and the Blue Penguin (Eudyptula minor) of South Australia 
and New Zealand, which is less than half that size. 

11. Running Birds (Ratitae). — These birds, of which the 
most familiar form is the African ostrich, are mostly large, while 
all are flightless, this being to some extent compensated by the 
possession of unusual powers of rapid progression on the ground. 
The group is essentially one belonging to the southern hemi- 
sphere. 

Inability to fly is associated with a number of structural 
features, foremost among which is a great reduction in the size of 
the wings. There are also a number of characteristic features 
about the plumage, which is not arranged in definite tracts as in 
flying birds (see p. 142). The quills, which in ordinary birds play 
such an important part in flight, are here much reduced, and the 
barbules of the feathers are not connected together by booklets. 
The vertebrae of the tail are not fused together into a plough- 
share-bone as in flying birds, there being no efficient tail-quills to 
support The naune of the group (Lat raies^ a raft) has reference 
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to the absence of a keel on the broad sternum. It will be 
remembered that the keel in an ordinary bird (p. 145) serves 
for the attachment of the large muscles of flight. There is no 
“merry-thought", while the scapula and coracoid are in the same 
line with one another instead of being at an angle. The overlap- 



ping iinciiicUc pox ( ss( wbub in a tl\in^ bud hclj> to strengthen 
Ik* ch(st, .lie bcK .ibs<*nt 01 w in number 

I he stiong legs arc well adapted foi running, and in nearly 
ill cases th(‘ie is a 1 eduction in the number of toes. 

The structure of these buds is best explained on the assump- 
tK>n that they are descended from carinate birds in which the 
power of flight has been lost, and their nearest relatives arc 
probably the Tinamous. 

The Ratita; which are now living may be divided into African 
Ostriches American Ostriches, Cassowaries and Kmeus, and 
Kiwis. 
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African Ostriches are distributed throuj^h the deserts of Africa, 
and also range into Arabia and Syria. The small flat head is 
provided with a strong, broad beak, capable of being opened 
very widely, and large eyes surrounded with small bristly feathers 
resembling eyelashes. Both the head and the long neck are 
covered with long fluffy feathers. The legs arc immensely 
powerful, and are used as weapons as well as for locomotion. 
Only two toes are present — tlie third and fourth, the former 
being much the larger, and there is a soft pad on the under 
side of each, much as in a camel. The plumage of the female 
is grey, that of the male black, except the wings and tail, which 
are pure white. There are no after-shafts to the featht*rs. The 
nest is simply a hollow made in the sand, and several hens Liy 
their yellowish-white eggs in it. The work of incubation is 
almost entirely done by the male. 

There are apparently several .species of ostrich, the most 
familiar one {Stnttkio canietus) being distinguished by its r(‘d 
neck, while an East African form has a bluish neck, and this 
region is grey in a smaller kind from South Afric.i. 

Ameriian Ostriches or Rheas are only found in South 
America, and can be distingui.shed at once by the {)ros(‘nc(‘ of 
three toes, less modified than those of the African form, leath(‘r- 
covered head and neck^ larger wings, and no tail. In structure 
(including the absence of afier-.shaft) and habits the) resc nibh' 
in most points the African forms, and their eggs arc* of similar 
colour. The plumage is grey, and both sexes closely resemble 
one another in this respect. 

Three sj>ecies are recognized, of which the Common Rhea 
{Rhea Americana') is largest and best known. It is commonest 
in the pampas region of the Argentine Republic, ranging north 
to Bolivia and south to the Rio Negro. Darwin’s Rhea {Rhea 
Darwini) is found from the east of Patagonia to some distance 
north of the above-named river, while the Long- billed Rhea 
{Rhea macrorhynca) is limited to North-east Brazil. 

Cassowaries and Emeus are to be regarded as the ostriches 
of the Australian region. They agree with the rheas in possessing 
three toes, but the wings are much reduced, the feathers appear 
double from the presence of very large after-shafts, and the eggs 
are green and rough. 

The Emeu {Dromceus)^ found only on the Australian continent 



THt AFRICAN OSTRICH {Struthto camelus) 


\frican Obtuches are the largest living members of the group 
of Running Ilirds (Ratitse), all of which are restricted to the 
bouthcin Hemisphere 1 he South African variety represented 
IS the one domesticated for the sake of its feathers, and is some 
uhat smaller thin a variety which lives farther north Afiican 
Ostriches possess ]>ut t\%o toes, and this reduction is related to 
the. spec? ili/at ion of the legs for the puipose of rapid locomotion 
1 he extinct 1 pNornis, of which bones and eggs are found in 
Madagascir, w is an immense form related to the Ostrich, and 
jiossibly the protot>pe of the “Koc” which figures largely in 
Hastcin tale and legend. 




BIRDS 


189 

and some of its islands, resembles an ostrich in appearance, but 
is shorter- necked and has a slenderer body. The feathers of the 
h«ad and upper part of the neck are very small, and the plumage 
generally is very loose, the feather barbules being widely separated. 
Unlike ostriches, these birds are monogamous, but, as in them, 
incubation is carried on by the male. The young birds are 
striped. 

Cassowaries (Casuarius) (fig. 128) are restricted- to North 
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Australia, Ceram, New Guinea, and adjacent islands Their 
appearance is v<|y «triking, and in some respects they are the 
most modified of all the running birds. The head and upper 
part of the neck are bare and brilliantly coloured — blue, red, 
green, or yellow, according to the species. In some cases there 
are fleshy outgrowths or wattles on the neck. The; beak is not 
unlike that of an ordinaiy fowl in shape, and thal'e is a peculiar 
"casque” x^n the top of die head, formed by an outgrowth from 
the skull. The shining plumage is bluish-black, and resembles 
hair in texture rather than feathers. The small wing bears four 
or five quills, represented, however, only by their shafts. Feathers 
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extend down to the ankle-joints of the legs, which are characterized 
by the further feature that the innermost toe bears a claw twice as 
long as those on the other toes. 

Unlike the other ostrich-like birds, they inhabit forest- regions. 
The nesting habits, so far as known, resemble those of the emeu. 

The Kiwis [Apiery'x) (fig. 129) are New Zealand birds of 
remarkable appearance, and much smaller than the preceding 

forms, being about 
the size of a hen. 
The reduction of 
wings and tail rs 
greater than in the 
• other running birds, 
and their plumage is 
more hair-like, pecu- 
liarities which confer 
a certain grotesque 
resemblance to a man 
with his hands in his 
pockets. T wo marked 
characters at once 
distinguish them from 
the ostrich-like forms 
of the same group. One is the slender snipe-like beak at the 
end of which the nostrils are situated. The other is found in 
the presence of the first toe. The legs are very strong, and 
M four toes are provided with powerful claws. At the base of 
th * beak are a numlxir of long whisker-like feathers. Kiwis are 
nocturnal birds, and resemble the emeu and cassowary in their 
nesting habits The cream-coloured eggs are of relatively enor- 
mous si/e, being about 5 inches in length. 
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CHAPTER IV 


STRUCTURE Ax\D CLASSIFICATION OF REPTILES 


T'he two threat groups of Backl)oned Animals so far considered, 
i.e Mammals and Birds, arc both characterized as “warm-blooded”, 
for the animals included possess hot blood which is maintained 
at a practic.dly constant temperature independently of external 
conditions. This peculiarity is associated of necessity with very 
perfect breathing arrani^ements (see pp. 45 and 147), and results 
in i^^reat activity and hi^h intellii^ence. 

Contra* .vlth these two hi^h groups we have the Reptiles 
and still lower forms, which arc “cold-blooded”, in the sense that 
the blood is of the same approximate temperature as the sur- 
rounding medium -air or water, as the case may be —and is 
therefore hot in hot wtsither and cold in cold weather. Such 
animals, as compared with Mammals or Birds, are in the main 
sluggish, and not remarkable for intelligence. 

Reptiles are a very ancient group, and probably form the stock 
from which Ix^th Mammals and Birds have been derived, on which 
subject more will be said in another section of the book Reptiles 
preceded Mammals as the dominant Vertebrates both on sea and 
land, and many remarkable groups once existed which are now 
entirely extinct. Recent Rej)tilcs include crocodiles, lizards, turtles, 
and snakes, with their respective allies. The most average forms 
are probably Lizards, of which there are three British species, 
and a brief description of the most typical of these will be an 
appropriiite introduction to the study of Reptiles in general. 

The Sand Lizard [Lacerta agi/is) is commonly to be found on 
sunny slopes in this country, and appears to be especially abundant 
where the soil is of a sandy nature. When thoroughly warmed 
by basking, it is capable of moving with considerable rapidity, 
hence the specific name agilis. Average specimens are not more 
than 5 or 6 inches long, but this length is sometimes exceeded by 
2 or 3 inches. 
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External Characters , — The flattened triangular head, with 
blunt forwardly-directed apex, is separated by a short ill-marked 
neck from the long rounded trunk, and this again passes into 
a very long slender tail. The shape is well adapted to the 
darting movements by which the animal makes its way through 
heather and grass. The limbs are short and primitive-looking: 
they are divided into the same regions which we have found 
to be typical for Mammals (p. 24) and Birds (p. 140); i.c, 
upper arm, fore-arm, and hand for the front-limb, corresponding 
to the thigh, lower leg, and foot in the hind-limb. 'I'here 
are five fingers and five toes, all ending in claws, and the 
shortest digits in their res|>ective limbs are the thumb and great 
toe. The IxkIv is not lifted well off the ground by the limbs, 
and this is not because these are short, but owing to their 
“sprawling” arrangement, knee and elbow projecting outward, 
instead of being brought well bekiW' the trunk, as in a dog. cat. 
or other Mammal. 

Returning to the head, the flatness of which as compared with 
a Bird is due to the relatively small br«iin, we note a large rnoutli 
extending far back from the front end of the snout, iu\ar the tip of 
w^hich can be seen the two small nostrils. I^irther back come the 
good-sized ey^es, which, as in a Bird, are provided with a nictitat- 
ing membrane (p. 140), as well as with up[)er and lower eyelids. 
Some little distance behind either eye, not far from the angle of 
the mouth', is an auditory aperture, devoid, as hi Birds, of an 
external flap or pinna. Here, however, the external passage of the 
ear (external auditory meatus), w^hich leads down to the tympanic 
membrane, is excessively short, so that the membrane is brought 
close to the surface, and can readily be seen without dissection. 

The only other aperture of importance is that of the cloaca 
(p. 146), a transverse cleft on the under side of the trunk where it 
passes into the tail. 

While Mammals are distinguished by the possession of hair, 
and Birds by their feathers, Reptiles have an exoskeleton of 
scales, which, like hairs and feathers, are products of the outer 
layer of the skin, or epidermis. Bony plates, or bony scutes 
formed in the deeper part of the skin (dermis), may be present 
as well. The scales of the Sand Lizard are very obvious struc- 
tures with a definite arrangement. Those on the head are com- 
paratively large, and it has been found convenient to give some 
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of them special names, as their arrangement is constant for a 
given species, and is therefore an important aid to classification. 
The scales on the upper side of the trunk are small, but those on 
its under side are much larger, and arranged in longitudinal rows, 
while those of the tail are also of a good size, and arranged in 
regular encircling rings. 

The colour of the Lizard harmonizes with its surroundings, and 
this “general resemblance” is both “protective” and “aggressive”, 
as it renders the animal inconspicuous as well to its own foes as 
to the insects upon which it preys. The ground colour of the male 
is greenish on the upper side, shading into lighter colour below; 
but in the female duller tints of grey or brown predominate. 
Both sexes are darkly marked on the upper side, there being 
an especially well-marked stripe running clown the middle of the 
trunk. 

(fig. i3o).--The same regions are present as in a 
bird, hut though there are many points of agreement there are 
numerous differences, partly due to the grc'at j')eculiarity of the 
bird. The lizard’s bones do not contain the air-cavities which are 
so often found in birds. 

In the shtll the brain-case is much smaller in proportion than 
in a bird, a fact directly related to the relative size of the brain in 
the two animals. With few exceptions the bones of the skull are 
the same as in the bird, but the boundaries between them remain 
fairly distinct in the adult, instead of fusing together so as to 
obliterate all boundaries. I'here is one occipital condyle (see 
p. 28), or rounded prominence for union with the backbone, each 
half of the lower jaw is made up of several pieces, and the pres- 
ence of a movable quadrate bone enables the mouth to be opened 
very widely (sec p. 143): all points of agreement with Birds and 
difference from Mammals. An interesting peculiarity is found in 
the presence of a small hole, the parietal foi^amen, in the top of 
the brain-case. Imbedded in the floor of the mouth, and giving 
attachment to the muscles of the extremely mobile tongue, is the 
gristly “ hyoid apparatus ”, made up of a central pointed portion, 
from which three slender rods run out on each side. 

The backbone consists of a large numuer of vertebrae, and is 
fairly flexible throughout, exhibiting neither of the extremes which 
characterize the Pigeon (see p. 144). The usual regions can be 
made out, except that it is not possible to say where the thoracic 

VoL. L 13 
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vertebra end and the lumbar ones bei^in, and the numbers are as 
follows: — Cervical, 8; thoracic and lumbar together, 22; sacral, 2; 
caudal, very numerous, but of no constant number. The ends 
of the centra or bodies of the vertebree are neither flat as in 
Mammals nor saddle-shaped as in Birds, but concave in front and 
convex behind, or. technically speaking, proar/ofis. 'I his is the 
commonest arrangement among recent reptiles. The first two 
joints of the neck are constituted by atlas and axis as in a 
Mammal (see p. 26) or Bird ; but the odontoid peg which 
projects forwards from the front end of the latter is never 
fused with, though firmly fixed to, it. The peg is in reality a bit 
of the atlas centrum which has been appropriated l)y the axis 
for the [)urpose of making a ])ivot. I'here are two interesting 
peculiarities about the tail, one of which consists in the presence 
of small Y-shaped bones united to the under sides of many of the 
caudal vertebra*, the stem of the Y being directed downwards. 
In this way a canal is formed in which the great blood-vessels 
of the tail are sheltered, an arrangement which is found in 
various groups of backlx^ned animals. Another and more inter- 
esting peculiarity is found in the fact that the body of almost 
every vertebra in this region remains unossified, /.e\ is not of 
bony nature, across a narrow central strip. The tail gf a lizard 
is extremely brittle, partly as a result of the arrangement 
described, and this would appear to be a defensive provision, 
whereby, supposing the animal to have been attacked in the rear 
by an enemy, a part is .sacrificed to save the rest. 

Slender curved r/is are attached from the fourth neck-vertebra 
right back to the sacrum, and, as elsewhere, the first thoracic 
vertebra is taken to be the one fx^aring the first rib that is 
connected with the sternum. Only five pairs are so connected 
in the Sand Lizard, the means of union being slender gristly 
sternal ribs, by which the bony vertebral ribs arc continued in 
the downward direction (see p. 29). Each of the two sacral 
vertebrae possesses a strong transverse process on each side, by 
which attachment to the hip-girdle is effected, and it has been 
shown that these processes ossify or become bone independently 
of the bodies of these vertebrae, fusing with them subsequently. 
On this account the processes are looked upon as ribs which have 
united with the vertebrae to which they belong — a phenomenon 
which is paralleled elsewhere. 
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The sternum is an insignificant lozenge-shaped piece or car- 
tilage, running back behind into a couple of slender rods, witli 
which the hinder sternal ribs are united, while the others c6nn(?ct 
with the two posterior sides of the lozenge. 

Skeleton of Lnnbs . — This is in many ways interesting, being, to 
a large extent of what is called “generalized type”, an expression 
which deserves a little examination, as it embodies an important 
idea constantly recurring in bi(>logical works. It often happens 
that in examining a series of human contrivances designed to meet 
the same or a similar end, a kind of general plan or similarity will 
be found to run through all of them. Under such circumstances 
it would very likely be possible to pick out some one of the series 
which might be looked upon as embodying the ideas involved in a 
general kind of way. and from which, by modification, the other 
members of the series might be derived. This case would form a 
generalized n/' of the entire series. A good instance is that of 
various kinds of habitation, of which the moderate-sized houses 
which make up 'c\ formal row’ may be taken as generalized types. 
In such a house would probably be found, among other apart- 
ments, breakfast-room, dining-room, drawing-room, study, and a 
certtiin number of bedrooms, all these, let us suppose, of reasonable 
size, and square or rectangular shape. Modifications of such an 
average plan might be effected in one or more of the following 
ways:-— (i) Variation in shape’, the dining-room, for example, 
might be oval or polygonal. (2) Variation in relative size\ the 
drawing-room, say, might be the same size as the dining room, or 
smaller, or it might be larger. (3) Variation in number, either on 
the side of increase, as by addition of a second drawing-room, or 
on the side of decrease, as by reducing the numljier of bedrooms. 
In the latter case a particular sort of room, perhaps the study, 
might be made so small as to deserve the name of a “ vestige ”, 
and the next step would be its complete suppression. (4) Coales- 
cence, or fusion of rooms, as, for instance, by complete or partial 
removal of the party-wall separating two adjoining rooms. By 
application of these principles of alteration, a small cottage on the 
one hand, or a castle on the other, might be referred to the same 
type as the average house, and it is obvious that dwellings of all 
styles and sizes are, after all, neither more nor less than houses 
or places of human habitation, and must fulfil certain average 
requirements. It may also be noted, in passing, that the house 



196 CHARACTERS OF VERTEBRATE ANIMALS 

illustration may be made to illustrate very well another biological 
principle, ue, “change of function’*, already alluded to in the 
Introduction (p. 13). A room intended for a particular purpose 
may be, of course, used for some other purpose, as when what 
should be a study is converted into a nursery. An amusing case 
is known to the writer of a small tradesman, who, on retiring, 
thought of taking a house of more ambitious nature than the one 
that had been connected with his shop. Seeing a bath-room for 
the first time, he remarked that he had no use for it, and would 
make it a lumber-room. 

Some meaning will now be attached to the expression 
“generalized type” as applied to the limbs of a lizard. Hut we 
may go a step further, and speak of a “ theoretical type”, by wliich 
is meant an arrangement so generalized that it is rar(‘ly, if. ever, 
found in existing animals. The ondoskeleton of the limbs of 
terrestrial vertebrates is best understood by reference to such 
theoretical types, which may here be conveniently explained. 

As has already been pointed out (see pp. 29 and 145), the 
skeleton of either fore- or hind-limb consists of a girdle by 
w’hich attachment to the trunk is brought about, and the skeleton 
of the free limb, and it has also been indicated (p. 24) that there 
is a correspondence or serial homology between fore- and hind -limb. 

Girdles. — The theoretical type of shoulder-girdle consists of a 
dorsal piece, scapula, and two ventral pieces, the larger, coracoid. 
behind, and the precoracoid, in front. At the junction of 

the scapula with the other elements is a shallow glenoid cavity, to 
which the bone of the upper arm is attached. The hip-oirdlc 
consists similarly of three pieces - a dorsal ilium, uniting below 
with a ventral and anterior pubis, and a ventral and posterior 
ischium. Corresponding in position to the glenoid cavity is a 
somewhat deeper cup, the acetabulum, for the attachment of the 
thigh-bone. 

Free Limb. — If the limb of a lizard be spread out at right 
angles to the body, in what is usually called the primitive position, 
and a lin». or axis drawn down its centre, an anterior or preaxial 
edge can be distinguished from a posterior or post-axial edge, 
and an upper or dorsal surface from an under o** ventral surface. 
Taking first the fore-limb, we find an upper-arm bone or humerus, 
down the centre of which the axis runs, and succeeding this in the 
fore -arm, two bones, a preaxial radius, a post-axial ulna. Next 
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comes the wrist {carfms), made up of a number of small elements, 
arranged in A near or prosdmal and a far or distal row. The 
proximal row consists Cf three elements — a preaxial radiale, so 
called because it is on the radial side, an intermedium iii the 
middle, and an ulnan on the side of the ulna. The distal row of 
carpal elements consists of five carpalia for the support of the 
five fingers, and called, beginning on the preaxial side, carpale i, 
carpale 2 , &c. Wedged in between the two rows of carpal elements 
is a cenirale, named from its central position. The five carpalia 
support the five fingers, each of which has a 7nt'tacarpal at its 
base, followed by slender phalanges, two of these going to the 
thumb or first digit, and three to each of the others. 

The free part of the hind-limb is supported by elements which 
correspond precisely with those of the fore-limi), as in the following 
table - 

Fot Hind- f.i mb. 


1. Upper-arm bone (humerus). 

2. Bones of fore-arm ; 

(rt) Preaxial radius 
(b) Postaxial ulna. 

3. Wrist (carpus): 

(a) Radiale. intermedium, ulnare 

(b) Centrale. 

(d Oin)alia: i, 2, 3, 4, 5. 

4. Metacarpas. 

Metacarpalia: 1, 2, 3, 4, 5. 

5. Phalanges; 

Thumb, 2 ; other digits, 3 each. 


1. Thigh-hone (femur). 

2. Bones of lower leg: 

(a) Preaxial til)ia. 

(b) Postaxial fibula. 

3. Ankle (tarsus): 

(a) 'I ibiale, intermedium, hbulare. 
{b) Centrale. 

(i) Tarsjlia- i, 3, ^ 5. 

4. Metatarsus: 

Metatarsalia- i, 2, 3, 4, 5. 

5. Phalanges: 

(ireat toe, 2 ; other digits, 3 each. 


If we compare the skeleton of the lizard’s limbs with the theo- 
retical arrangement just described, the result will be as follows: — 
Fore-Limb -Shoulder-Girdle. — The dorsal scapular section is 
represented by two parts — an upper supra-scapula and a lower 
scapula proper, while on the ventral side both corcuoid and pre- 
coracoid of the theoretical type are seen. But over aoA aoove 
this we find additional parts in the form of a slender cothr-bone 
(clavicle) situated in front, and running towards the middle line to 
jom its fellow, besides which there is a cross-shaped inter-clavule^ 
belonging to neither girdle, but coming between them, and also 
attached to the sternum. Free Limb. — Here there is a very close 
correspondence with the theoretical type, differences being chiefly 
seen in the presence of an accessory bone in the carpus coming 
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just outside the ulnare, and the presence of an extra phalanx in 
the third digit, and two extra phalanges in the fourth digit. The 
extra carpal bone is known as a pisifor^n, and is of different nature 
from the rest, for it has been developed in the course of a tendon 
(see p. 48), the muscle belonging to which acquires thereby a 
greater leverage. 

Hind-Li))ib -Hip-Girdle . — Except in unim|)ortant particulars 
we get a very close agreement witii the theoretical type, all three 
elements- ilium, pubis, and ischium being present. Free Limb . — 
There is considerable departure from the simple type as regards 
the tarsus, the proximal part of which is represented by one 
eltmient, probably representing tibiale, int(*rmedium, fibulare, and 
centrale, all fused together. Only two distal elements can be seen 
in the tarsus; one of these is probably tarsale 3, for the third digit 
is united with it, while, since digits 4 and 5 both unite with the 
other distal /'lf*ments, it perhaps may be regarded as equivalent 
to the two corresponding tarsalia fused together. It is not clear 
what has become of the first and second tarsalia. The digits are* 
supported by the same number of phalanges as in the hand. One 
point is specially worthy of remark, i.e. the ankle-joint comes in 
the middle of the tarsus, not, as in Mammals, between the tarsus 
and bones of the lower leg. Such a mesotarsal ankle-joint is 
characteristic of both Reptiles and Birds (sec p. 146). 

Digestive Organs (fig. 131). — Li/ards feed on insects, -small 
worms, and the like, and possess numerous small conical teeth, 
and a very mobile forked tongue. The teeth are not lodged in 
sockets as in a Mammal, but are fixed on to the inner sides of 
the bones which form the margin of the upper and lower jaws. 
There arc also two small groups of teeth on the palate. It is 
particularly worthy of notice that reptilian teeth, as compared with 
those of ordinary Mammals, are not only extremely numerous, but 
not divided into different kinds— incisors, canines, &c. And while 
a Mammal develops two sets of teeth, a Reptile has, as a rule, an 
indefinite succession of them, a worn-out tooth being replaced by 
a new one, which grows up at its base. The tongue can be 
protruded to some distance, and is worked by a well-developed 
set of muscles attached to the hyoid npj)aratus, the large size of 
which is thus accounted for. 

The digestive tube or gut into which the mouth-cavity is con- 
tinued consists of yi guile ty wide slightly curved stotnack, fairly long 
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coiled small intestine^ and short wide large intestine, terminating 
in a cloaca. A large Ihfer, provided with a gall-bladder, and a 
small pancreas, open into the beginning of the small intestine. 

Circulatory Organs (fig. 13 1). — As in Mammals and Birds, we 
can distinguish between blood system and lymph system, of which 
only the former need here be considered. 

Blood System. — This is a dosed system of tubes, consisting of 
heart, arteries, veins, and capillaries, in which the cold blood 
circulates. Seen under the microscope, a drop of lizard’s blood 



Fig 131 — General Structure of Ltxard cicb h , cerebral hemisphere 


presents much the same appearance as a drop of bird's blood, 
and is made up of a clear liquid plasma, in which float irregular 
white corpuscles capable of executing creeping movements, and 
oval red corpuscles, each^ of which is a nucleated cell. 

The heart is enclosed in a double-walled pericardial sac, and 
is distinctly a more imperfect organ than in the Mammal or Bird, 
as, though there are two auricles, there is only one ventricle, and 
therefore the impure blood received by the right auricle from the 
body mixes to some extent with the pure blood received from the 
lungs by the left auricle. As will be seen, however, there are 
several devices by means of which the mixture of the two sorts 
is partly prevented. 

The three great caval veins, two in front and one behind, bring 
back the impure blood to the heart, as in a Mammal or Bird (see 
fig. 102), but, instead of opening directly into the right auricle, 
they pour their blood into a thin-walled pouch, the venous sinus, 
which communicates by a valvular opening with the right auricle. 
As usual, the purified l)loo<l from the lungs is poured by pulmonary 
veins into the left auricle. The two auricles squeeze their blood 
through a single valvular opening into the thick-walled ventricle. 
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but the two kinds of blood do not mix here, for the party-wall 
between the auricles projects into the opening, and divides it into 
a right half and a left half. Although the cavity of the ventricle 
is single, there is a well-marked ridge protruding into it which 
must be regarded as an incipient partition, and actually divides 
the ventricle when it contracts into a right half, mostly receiving 
impure blood, and a left half, mainly containing pure blood. Im- 
pure blood is pumped to the lungs through a pulmonary artery 
arising from the right half of the ventricle, just as the same artery 
is given off from the right ventricle in a Mammal or Bird (see 
p. 40 and fig, 102). 

A notable peculiarity here deserves mention. In a Mammal 
(see p. 41) the great body-artery, known as the aorta, starts 
from the left ventricle in an aortic arch, which curves round to 
the left, while in a Bird there is a similar arrangement, except that 
the aortic aiVii curves round to the right. In the Li/ard there is. 
as it were, a combination of both conditions. There is a right 
aortic arch, resembling a Bird’s in that it arises from the left half 
of the ventricle and curves over to the right. Since this arch 
starts from that side of the ventricle which receives pure blood 
from the left auricle, it has blood of that sort pumped into it. 
And since the arteries supplying the head and fore-limbs are 
branches of the right aortic arch, these parts of the body are 
necessarily supplied with pure blood. And it is natural that the 
brain above all organs should get a pure blood supply, w'hich it 
does in this way. 

But there is also a left aortic arch, curving as in the Mammal, 
and conducting away some of the impure blood from the right half 
of the ventricle. The dorsal aorta is formed by the union of right 
and left arches, receiving pure blood from one, and impure blood 
from the other, and therefore supplying what may be called mixed 
blood to the trunk, tail, hind -limbs, and most of the internal 
organs. Yet another point deserves attention. Each of the 
aortic arches is double for part cf its extent, and really represents 
a pair of arches fused together. The presence of one or more 
arches at the beginning of the great arteries of the body in ter- 
restrial Vertebrates strikes one as peculiar, and without reference 
to Fishes is inexplicable. As will later be explained, however, 
it is an indication of descent from gill -bearing ancestors (see 
p. 244), for the circulatory organs of lung-bearing forms are not 
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constructed on a brand-new pattern especially suited to their re- 
quirements, but arc simply a modification of the more ancient 
arrangement found in fish-like animals. In both iMarnmals and 
birds the modification is very perfect, and there is a complete 
separation of pure and impure blood; but in Reptiles and 
Amphibia the separation is less complete, and the relative sluo- 
gishness of these creatures is partly due to the fact that their 
bixlies are to a large extent supplied with mi\ed blood, i.c. 
with blood which, being a mixture of pure and impure blood, 
is only imperfectly oxidized 

Not only does the IJz.ird possess an hepatic portal system (see 
p. 41), by which the blood of the digestive organs is carrieil to 
the liver, but there is also a renal portal system in connection 
with the kidneys, by which some of the impure blood from the 
hinder part of the lx)dy is supplied to those orgrins, the function 
of which is, as elsewhere, to get rid of nitrogenous waste. 

Breathing Organs and Organs of I’oiic (fig. 131). - The 
arrangements connected with respiration are here much simj)ler 
than in either Mammals or Birds, which is what might be ex- 
pected, as cold-blooded animals have not the same need for 
thorough and rapid oxygenation of the blood, though at the same 
lime it must be remarked that Lizards exhibit less complication 
than is usual among Reptiles. 

On the floor of the mouth behind the tongue there is a slit- like 
glottis leading into the organ of voice or larynx that forms the 
beginning of the zuind-pipc\ which runs back and forks into two 
bronchi, one for each lung (see p. 46). These air-tubes are 
supported by gristly rings, and thus prevented from collapsing. 
Nothing is present e(juivalent to the syrinx or song-box of a Birtl 
(see p. 149). The lungs are spindle-shaped Ivigs, the linings of 
which are raised into a honey-combing of ridges, by which the 
surface exposed to the air is considerably increa.sed. 

Nen'ous System and Sense Organs (fig. 1 31). --Only a few 
points call for .special attention. As previously remarked (p. 192), 
the flatness of the head is an indication of the relatively small Siizc 
of the brain. At the front end of this organ are the club-shaped 
olfactory lobes, which supply the fairly well developed organs of 
smell, and pass back into the smooth cerebral hemispheres, the 
relatively small size of which as compared with a Bird (see p. 149) 
is an index of inferior intelligence. Still farther back are two 
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large optic lobes, mtich like those of a Bird (see p. 1 50), but placed 
side by side on the upp^r side of the brain instead of being 
separated from one another. Lastly comes the medulla oblongata, 
which passes gradually back into the spinal cord, and exhibits 
on its upper side, just behind the optic lobes, a small smooth 
lobe which corresponds to the complicated cerebellmn found in a 
Mammal or Bird (see pp. 52 and 150). A side view Wf the brain 
shows clearly a sharp downward bend (cranial flexure) in the 
region of the medulla oblongata. 

The same sense organs are present as in a bird, though there 
are many differences in detail; and it may be particularly men- 
tioned that the complex bag or membranous labyrinth (see p. 150), 
which is imbedded in the side wall of the skull and constitutes the 
inner ear, is rather less complex. 

In dealing with the skull it was m^^ntioned that there is a small 
hole, the p'^rl» ' d foramen, in the roof of the brain-case. This hole 
is occupied by a rounded structure, which in some Lizards has 
clearly the structure of an eye, so much so that it is usually called 
the pineal eye. It is connected with a sort of stalk which runs 
upwards from that part of the brain-axis of which the cerebral 
hemispheres are outgrowths. Even in Lizards this unpaired eye 
is more or less degenerate, and it is only represented in most of 
th(' Vertebrates by the suilk just mentioned, to which the name 
of “ pineal body ” is usually given. Even in the human brain a 
pineal body can be distinguished, and the fact that the philosopher 
Descartes regarded it as the seat of the soul has invested it with 
i certain curious interest. It is clearly to be regarded is one of 
those “vestigial organs” or “vestiges” which are of common 
occurrence in the animal body, and represent the dwindling 
remains of structures which were of importance in ancestral forms. 

Developnunt . — The Sand-Lizard lays eggs much like those of 
a bird, but with softer shells. 

Classification of Reptiles. — Leaving the numerous extinct 
groups out of consideration, as these will be dealt with elsewhere, 
Reptiles may be divided into five orders, as follows: — 

1. Croctililia: Crocodiles, Alligators, &c 

2. Chelonia: Turtles and Tortoises. 

3. Lacertilia: Lizards. 

4. Ophidia: Snakes. 

5. Rhynchocephala : Hatteria, a lizard-like New Zealand form. 
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It may be well at this point to summarize the chief features, all 
of which have been illustrated in the foregoing description of a 
Lizard, in which these five groups agree, or, in other words, to 
give a definition of the Reptilia. 

Reptiles are cold-blooded Vertebrates defended by an exo- 
skeleton composed of either epidermic scales, or bony dermal 
scutes, or it may be of both. In those forms which possess well- 
developed extremities, there are always more than three digits 
in the fore-limb, and commonly five in the hind. The skull is 
jointed on to the backbo 7 ie by a single occipital cofidylc, each half 
of the lower jaw consists of several bones, and the surfaces of 
the vertebral centra are not saddle - shaped. The sacrum is 
made up of two vertebrae. The interclavicle, when present, 
does not fuse with surrounding parts, and in existing forms the 
ilia do not extend far in front of the acetabula, both pubes and 
ischia unite together ventrally, and the tarsus fuses neither with 
the tibia nor with the metatarsus. The ankle joint i% in the 
middle of the tarsus. Conical teeth are usuall) pres(‘iit (except 
in Chelonia) and the gut ends in a cloaca. The heart possesses 
two auricles but (except in Crocodilia) only one ventricle, and 
in all cases the body is partly supplied with mixed blood. 'I'here 
is never less than one pair of aortic arches. I'he braiiv is small, 
and the optic lobes are placed close together on its upper side. 
Breathing is in no case 'effected by means oj gills. 

There are many points of agreement between Reptiles and 
Birds, and this is especially striking if extinct forms are t»iken 
into consideration. Those characters which are printed in italies 
in the above definition are common to lx)th groups, which are 
often associated together into a larger division, the Sauropsicia, 
contrasting with Mammals on the one hand and Ichthyopsida 
(Amphibia plus Fishes) on the other. 

Order i. — Crocooili.s (Crocodilia) 

Crocodiles and Alligators (fig. 133) much resemble gigantic 
lizards in appearance, and agree with these in many particulars 
of structure, though decidedly of higher type. As is well known, 
these animals spend a large part of their time in water, and 
some of their peculiarities of structure are related to the aquatic 
habit The large and hideous head provided with formidable 
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jaws is separated by an ill-marked neck from a long body, and 
this again passes into a long and powerful tail, which is the 
chief swimming organ. The body is flattened from above 
downwards, and the tail, in correspondence w'ith its function, 
from side to side. The sprawling lizard-like limbs do not lift 
the trunk well off the ground, the feet are weblxid to some 
extent, and there are five digits in the fore- but only four in the 
hind-limb, the little toe being represented only by a small bone 
visible in the prepared skeleton. 

Returning to the head, we find several arrangements that 
are of special use to an aquatic form. The slit-like nostrils are 
situated on the lip of the .snout, and can be closed by muscular 
action so as to prevent entry of water when the animal is sub- 
merged, while their position enables breathing to go on when 
only a very small part of the body is above the surface. As in 
birds and lizard*; (as well as some mammals), the eye possesses 
not only upper and lower eyelids but also a third eyelid which 
can be drawn over it for protection, and the tympanic membrane, 
corresponding in position to that of the lizard (see p. 192), is 
provided with a little protective flap or “ear-lid” which can be 
folded over it. 

The chief peculiarity of the skin (fig. 133) is found in the 
fact that it develops a very complete cxoskeleton, composed 
externally of rectangular horny scales, which on the tail and 
upper and lower sides of the trunk are disposed in regular 
longitudinal and transverse rows. Some of these scales project 
upwards from the upper side of the tail, forming a jagged crest 
This, however, is not all. Underlying the scales of the upper 
and sometimes of the under surface are sculptured bony plates 
(scutes), which are developed in the deeper part of the skin 
(dermis). The arrangement of the scales and scutes differs in 
different species, and affords characters which are of use in 
classification. The strong musky odour which distinguishes 
crocodiles is due to the secretion of musk-glands, some of which 
open on the edge of the upper jaw, others into the cloaca, and 
the remainder on the dorsal surface of the trunk. 

The endoskekton of the crocodile can be compared point 
for point with that of the lizard, though it presents a number 
of interesting peculiarities. In the large and massive skull 
the boundaries between the separate bones can be always 
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made out, and the upper surface is sculptured something like 
the scutes. It is, indeed, almost certain that some of the flat 
bones which help to cover in the skull in those vertebrates 
possessing a bony skeleton are in reality scutes which have sunk 
inwards and attached themselves firmly to underlying parts. 

The bones of the jaw are very long, and their margins 
present a large number of sockets, arranged in a single row, for 
the reception of the formidable pointed teeth. As in a bird or 
lizard, the lower jaw hinges on behind to an elongated bone 
known as the quadrate (see p. 143); but whereas in those forms 
the bone in question is more or less movable so that a sort 
of double jaw-joint is constituted, here it is firmly fixed to the 
skull. Such a double joint detracts somewhat from firmness, 
which is very necessary to an animal that, like a crocodile, has 
to overcome prey possessing considerable muscular strength. 
And further, the long jaws enable the mouth to be opened 
widely enough without the presence of a joint of the kind. A 
notable peculiarity is found in the very great length of the bony 
palate which supports the roof of the mouth, and above uhich 
runs a passage into which the cavities of the nose open, and 
along which air is conducted to tind from the glottis, or aperture 
of the windpipe. In a bird or li/ard the internal (openings of 
the nasal cavities are situated on the roof of the mouth fairly 
far forwards, but in the crocodile the arrangement described 
throws them very far back, and as the top of tht* windpipe 
projects into them a distinct air-passage from the external nos- 
trils backwards is constituted, so that breathing can lake place 
when the tip of the snout is above water, even if the* mouth 
Ixi open, without any danger of water getting down into the 
lungs. Similar anti-choking arrangements are found in other 
air-breathing aquatic vertebrates, and will be described in another 
chapter. 

The thoracic rids exhibit one feature which is characteristic 
of birds, each of them having a backwardly-directed plate on 
its margin not very far from the backbone (see p. 145). The.se 
uncinate processes add to the firmness of the wall of the chest. 
Not only are ordinary ribs present, but also “abdominal ribs”, 
situated behind the sternum and developed in connection with 
the muscles. It is interesting to note that ribs of the kind are 
also present in the oldest known fossil bird i^Arch(^opteryx\ 
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which also approached reptiles in other more important particulars, 
such as the possession of teeth and a long jointed tail. 

In the skeleton of the Ihnbs the absence of clavicles may 
be noted (see p. 145)1 ‘ilso the fact that both tarsus and 
carpus are considerably modified. One of the bones of the 
former (calcaneum) has a heeMikc projection, and this is the 
only case outside the Mammalia where anything of the kind is 
present. 

The dis^vstivc organs (fig. 132) are interesting in a number 
of ways. I'hc strong conical teeth which form an irregular row 
along the margin of each jaw are, as already mentioned, imbedded 
in distinct sockets, and, as in 
li/ards, an* replaced to an inde- 
finite extent by successors which 
grow u(j frf)m and push 

tli(‘m out as th(‘y get worn clow n 
with wcsir. When the jaws «ire 


I ijl I ''iriH Hire of ( rociidi c 
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lift aunclet K v and i \ ri(;ht and kft vcntni les cut open Vs vtntni.itlii •.t.pnn i 2 4, i< rtic 
irihcs of left suit H All Ki^ht lorta L ao left norm si i» ll snhi.ljMin artLiics, i iiv laioiid 
irttncs PI I , Pulmonary arlerics Arrows show course of blood. 

brought together the upper and lower teeth interlock, forming a 
very efficient arrangement for seizing and holding. There are 
no- teeth on the roof of the mouth as in a lizard (see p. 199), 
and the tongue is a flat rounded organ devoid of any great 
mobility. Crocodiles are in the habit of pulling their prey under 
water and holding it there till drowmed, during which operation 
a good deal of water must get into the mouth of the aggressor. 
In the way already explained this water is prevented from 
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down into the lungs, and thcro arc soft projections at 
the Ixick of the mouth-cavity which Ctin he brought together so 
as to keep it out of the gullet. In other words, the hinder part 
of the mouth ca\ ity is partitioned into a pharynx (sc‘e p. 34), 
which passes hack into the wide gnlitt. This in its turn com- 
municates with a ^siomath which is singularl) bird like, since part 
of It IS modilied into a muscular gizzard (sec* p. 146). The 
resemblance is strengthened by the ciocodili s hedut of swallow- 
ing s»ones, which presumably help, as in a bird, to grind up tlie 
fcMul 'riiis is the more necessary since the teeth aie not suited 
for chewing, .ind the prey is either swcdlowed wliole or in 
large pieces, .iccording to its si/c. As in Birds and Li/aids 
(s( pp 140 and 200) the large inUstine terminates in a cloaca^ 
which opens to the exterior by a longitudinally oval api'rturc 
situated on the under side of the root of the tail. 

The bloody hearty and blood 2*es\els (fig. 132) are much like 
the corresponding parts in the lizard (sec p 200), th(‘ most 
important difference being that there are two ventricles, a fisiture 
possessed by no other known reptile. This limits the impure 
blood to the right side of the heart and the pure' blood to the 
left, as in mammals and birds, but the advantage gained is less 
than at first sight appears, for the two kinds of blood mix outside 
the heart. This is. so because we still have, a!» in the Li/ard 
^see p 201), two aortic arches, a right which takes origin in 
the left \entricle and carries off pure blood from it, and a left 
which conducts away impure blood from the right ventricle. It 
is clear, therefore, that the dorsal aorta, which is formed by the 
union of the two arches and which supplie.s the body behind the 
fore-limbs, must contain mixed blood, and the two arches also- 
communicate by a small hole just where they leave the heart. 
A reduction of the aortic arches has taken place as compared 
with the Sand Lizard (see p. 191), for each of them is here single 
instead of being formed by the partial union of two. If the left 
arch were entirely done away with we should have a condition 
closely resembling that found in the bird (see fig. loa), and all 
parts of the body would be supplied by pure blood. There can 
be little doubt that some of the remote reptile-like ancestors of 
birds possessed circulatory organs much like those of the crocodile, 
and that in them part of the body was consequently supplied with 
mixed blood. 
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The breathing organs and parts connected with them differ 
from those of the lizard not only in the arrangement of the 
air-passages as already described, but also in the structure of 
the lungs themselves, which have relativx‘Iy thick spongy walls. 
A similar arrangement, however, is found in some large lizards, 
and, speaking generally, it is only small reptiles which have very 
simple lungs. Crocodiles also possess an imperfectly-developed 
representative of the muscular partition known as midriff or 
diaphragm, which plays such an important part in the breathing 
movements of Mammals (see p. 46). 

The bram of a crocodile is of higher type than a lizard’s, 
both cerebral hemispheres and cerebellum being much larger 
in proportion. The sense organs are also more com[)le\, espe- 
cially those connected with smell and hearing. In the latter 
case it is interesting to note that the complex bag known as the 
membranous labyrinth (fig. 103), w'hich constitutes the essential 
part of the inn’ei tar, is shaped very much as in a bird, there 
being a well -developed curved tube to represent the coiled cochlea 
of Mammals. 

Crocodiles are hatched out from eggs much resembling those 
of birds, and laid in holes or imperfect nests scooped out in the 
sand, where they get the benefit of the sun s heat. The young 
reptile has a horny wart on the tip of its snout, which helps it 
to break through the firm egg-shell. 

The existing members of the order Crocodilia (fig. 133) 
are found in tropical and sub-tropical regions both in the New 
and Old Worlds. Three groups are commonly recognized: — 
(i) Alligators; (2) Crocodiles proper; and (3) Garials, 

Alligators^ with the exception of a Chinese species, are 
confined to the tropical parts of America. The snout is 
relatively short and broad, and the different teeth are of very 
unequal size, among the large ones being the first and fourth 
in the lower jaw, which bite into pits in the upper jaw in 
such a way that they are hidden from view when the mouth is 
shut There are several special features in the skull, of which 
perhaps the most striking is the shortness of the region where 
the two halves of the lower jaw unite together front Some 
members of the Alligator group possess scutes on the under 
side of the body as well as on the upper. The hind-limbs 
have a rounded outline and the toes are only. half- webbed. 

vou 1. 
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Three species are known of the Alligator proper, one being 
found in China, and the others in the south-east part of North 
America, of which two by far the best known is the Pike- 
headed or Mississippi Alligator {^Alligator Mtssissippiensis), 
which may attain the length of aljout 15 feet. The first name 
given to this creature expresses a resemblance to the fresh water 
fish well known as the Pike. 

The remaining members of the Alligator group, the Caimans 
or Jacarcs, are limited to Central America and the tropical parts 
of South America. The different species vary greatly in size; 
all but one, however, being much smaller than the Mississippi 
Alligator. L’nlike the Alligators proper the Caimans posse.ss 
ventral scutes, and those which make up the dorsal armour are 
firmly united with one another. 

Crocodiles proper have a very wide distribution throughout 
the tropics, lK;ing found in America, Africa, South Asia, and 
North Australia. The head is somewhat narrow^er and longer 
than in alligators, and the teeth are not so markedly umsjual. 
Although, as before, the large first low'er tooth bites into «i 
pit, this is not the case with the Iarg(‘ fourth lower tooth, which 
merely bites into a groove and is partly visilje when the mouth 
is shut. The united part of the lower jaw is rather longer than 
in alligators, as might be expected from the sha[)e of the head, 
and there is no ventral bony armour as in caimans, d'he hind- 
limbs have a jagged , posterior fringe, and the feta are more 
completely webbed than in alligators. 

Probably the most familiar species is the Nile Crocodile 
{Crocodi/as eVi/oliens), which was regarded as sac-ed by tht‘ 
ancient Egyptians, and like other animals which figured in 
their religion was considered worthy of embalmment. It has now 
been exterminated in the lower Nile, where it was formerly 
v^ery abundant, and its range includes South Africa, Senegal, 
Madagascar, and Syria. Large specimens may considerably ex- 
ceed the Mississippi Alligator in size. 

The Indian Crocodile (Crocodiliis palustris) ranges from 
Baluchi.stan to the Malay region, and avoids the tidaJ [jarts of 
rivers. Another Indian species, the Estuarine Crocodile (C. 
porosus), has exactly the contrary habit, as the name indicates, 
and is not only common in estuaries, but swims out to sea for 
a considerable distance. This fact is interesting, for the vast 
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majority of existing reptiles are confined to land or fresh water, 
though some of the extinct groups were exclusively marine. The 
Estuarine Crocodile is one of the fiercest and most dreaded 
species, and at the same time probably the largest, for a speci- 
men has been recorded as having the great length of 33 feet 
It ranges from the east of India to South China, North Australia, 
and the Solomon and Fiji Isl.inds. 

American Crocodiles have slender snouts, a feature possessed 
in an exaggerated form by a W'est African Crocodile (C 
ca/aphrar/us). 

Ganals form a small groyp of crocodilian reptiles, distin- 
guished by extremely slender snouts, and jaws armed with a 
large number of comparatively small teeth, all fairly equal in 
bi/e and arranged with greater regularity than in the other 
forms. These special modifications convert the jaws into a v(Ty 
perfect fish-catching arrangement, which is paralleFd in some 
of the aquatic Mammals (Cetacea). The first and fourth lower 
teeth bite into grooves above, and. as is but natural, the united 
part of the lower jaw is extremely long. The feet are more 
completely webbed than in other croctxlilians, and both fore- and 
hind-limbs have a posterior ragged fringe. There are only two 
existing genera, both confined to the south of Asia. 

Schlegel’s Garial {N/iync/iosuc/ius Sch/egeli) is found in 
Borneo, and may attain, the length of 14 feet. The better- 
known Gangetic Garial {Gai'iahs Gan^ctica) is confined to the 
Ganges, Indus, Brahmaputra, and some smaller Indian rivers. 
It is of larger size than the Bornean Garial (20 feet), and the 
snout is longer and more slender. By the natives they are 
regarded as sacred. 

Order 2. — Toothless Reptiles (Chelonia) 

This order includes the I'urtles and Tortoises, toothless 
Reptiles provided with a remarkable defensive exoskelcton. 

The most familiar member of the group is the small Cirocian 
Tortoise {Tcstiido Grcecd), common as a pet in this country, and 
indigenous to the south of Europe (fig. 134). The short broad 
trunk is enclost'd in a strongly arched shell, forming a sort of 
box with an ojxming in front into which the head, neck, and 
fore-Iiml)s can lx‘ withdrawn, and a similar opening behind for 
the benefit of the hind-limbs and stumpy tail. The head is 
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rounded, and the toothless jaws, covered as in birds with firm 
horny sheaths, give it a very characteristic appearance. Two 
small rounded nostrils are seen close together on the front of 
the head, the fairly large eyes are provided, as in lizards, with 
three eyelids, and behind each of them is a depression in which 
the tympanic membrane is visible. Protection is afforded by a 
number of horny pl.Ues united by their edges. The immobility 
of the trunk is largely made up for b) a fairly long and e.xceedingly 
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fle.xible neck, covered by soft skin. When retracted it is thrown 
into an S-shaped curve. The stumpy limbs are adapted for 
terrestrial locomotion, and can lift the body well off the ground. 
As, however, the movements are extremely slow, defensive armour 
is a necessity, and on the slightest alarm the animal withdraws 
head, neck, tail, and limbs into the cover of the shell, when the 
protective arrangements are completed by the horny plates on 
the head and strong overlapping scales which are present on 
the limbs. 

The usual limb-regions arc present, diough not well marked 
externally, and the existence of five digits in either extremity 
is indicated by a corresponding numl^er of blunt claws. 

The exoskeldon resembles that of caimans, in that there are 
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not only horny plates and scales of epidermal nature, but also 
bony pieces developed in the deeper part of the skin both above 
and below. Here, however, these pieces cannot be stripped off 
with the skin, but are to a great extent intimately welded to 
piirts of the internal skeleton. The arched upper or dorsal half 
of the shell is termed the carapace, and the Hat under or ventral 
piece with which it is firmly united at the edges is the plastron. 
It will be convenient first to deal with the superficial horny 
shields and then with the underlying Ixmy plates. Beginning 
with the carapace, there is a series of neural shields running down 
the centre, and these are flanked on either side by broad trans- 
verse costals, outside which again are more numerous marguials, 
forming a right and left series separated in tlie extreme front 
by a median neck-shicld (nuchal) and Ixihind by a pair of 
caudais. Some of the marginals on either side bend sharply 
round to the under surface and help to cover the bones of the 
plastron. The greater part of this, however, is veneered by six 
pairs of horny shields, of which those in front (gulars) and 
behind (anals) are smaller than the rest, which have received 
the names of humerals, pectorals, abdominals, and femorals. 

When these horny shields are stripped off, a number of 
lx)ny plates are exposed which have a very similar arrange- 
ment, though their number is not the same, and therefore, of 
course, their edges do not correspond with those of the ov(*r 
lying plates, as is the case with the armour of caimans. 
Running down the middle of the carapace are eight neural 
plates, which may be regarded as the flattened tof)s of vertebra*, 
and which are continuous on each side with a similar number 
of costal plates fused with the underlying ribs. The carapace 
is completed by a nuchal plate in the middle of its front margin 
and Pygal plates similarly placed behind, while a .series of eleven 
maiginal plates are disposed on either side. The plastron is 
made up of one unpaired plate, and four others arranged in 
pairs. The former is possibly to be compared with the inter- 
clavicle of a lizard (see p. iq8). while the others are in all 
probability to be regarded as equivalent to the abdominal ribs of 
the crocodile. 

As will have been gathered from the foregoing description, 
there is intimate union between bony plates telonging to the 
external skeleton and parts of the internal skeleton, i.e. the 
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ribs and trunk vertebrae, and we see here that the girdles of 
the limbs are brought within the shelter of the ribs, a remark- 
able and unique arrangement. The immobility of the trunk 
is largely made up for by the great flexibility of the neck, 
which is supported by eight vertebrae, of which the centra 
exhibit great variety in the shape of their ends. There is no 
breast-bone, the presence of the plastron rendering it quite 
unnecessary. 

As regards the sku/l, it need only be noted here that the 
jaws possess a continuous sharp bony edge for the support of 
the horny sheaths which do duty as teeth. I'he lower jaw is 
jointed on to a massive quadrate bone which, as in a crocodile, 
is firmly fused with the rest of the skull. 

I he skeleton of the forc-linib corresponds preti\ closely to 
tho theoretical type, except that some of the bones have fused, 
as radiale with centrale, and carpalc four with carpale five. In 
the huiLt-linib tiiere is a fair corrcspondcMice with the type, but, 
as in Reptiles gc‘ner«illy, there is a good deal of fusion in the 
ankle-bones and a tendency for the ankle-joint to come between 
the two nuNs of these. 

The /rWof the Cireeian Tortoise consists mainly of vegetable 
matter, but it also devours sundry small animals, such as worms, 
insects, and snails. Th(‘ digestive organs present no points of 
very special interest, but it may be noted that the tongue is 
ccanparativ'cly immobile, as in the crocodile, and, as in that animal, 
the large intestine ends in a cloaca xvhich opens L.^tcrnally by 
a longitudinal slit. 

lixcept as regards its flattened shape, the heart of a tortoise 
closely resembles that of the Sand Lizard (p. igi), and there is 
also agreement in reference to the great blood-vessels which 
enter and leave it, each of the two aortic arches, however, 
as in crocodiles and the larger lizards, being single instead of 
double for a part of its course The body is therefore, as in other 
Reptiles, largely nourished by imperfectly -purified blood, and a 
tortoise is a particularly good example of the sluggishness and 
cold-blooded condition entailed by this arrangement. It also 
exhibits in a very marked way the gr* it tenacity of life which 
distinguishes cold-blooded vertebrates when compared w'ith birds 
and mammals. 

The breathing-organs agree in most respects with those of 
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the crocodile, but the internal nostrils open on the roof of the 
mouth, as the habits of the animal do not require any special 
provision to be made for a distinct breathin^j tract as distinct 
from the cavity of the mouth. It may also be remarked that 
the immobility of the trunk presents a certain obstacle to the 
rapid renewal of the air in th(^ limits, and this is {)r()bably the chief 
reason for the slu^rcrishness of chelonians. 

The brain presents the usual })arts, and is, for a reptile. (T 
comparatively hii;h ty[)C, beini^ only inferior to that of the rroeo- 
dile. 

Tortoist's are developed from hard-shcdled much like 

those of a bird. About a dozen (T th(‘se ar(‘ depositi‘d to^caher 
in a hole scooped out in the earth, and art* aftt^rwanls (‘art'fully 
covered up. A warm spot is selected for tht* [)urpost*. and the 
e^gs, which are laid in early sumintT. are hateht'd out by the heat 
of the sun. 

The following' i^roups are rertv^ni/tnl amoni^ the* C'heltmia. 
and in deedinp^ with them space will only permit of allusion to 
some of the more interesting; forms: — 

(1) Leathery 'rurtles. 

(2) S-necked Cht'lonia. 

(a) Land and Fresh-water Tortoises. 

(b) Turtles. 

(3) Side-necked Tortoises. 

(4) Soft Tortoises. 

(i) Leathery Turtles. — This ^roup contains but a sinj^le 
species, the Leathery Turtle or l.uth {Sphar^is or Dennatochelys 
coriacea) (fij;. 135), which differs in many important particulars 
from other Chelonia, not only from the terrestrial and fresh -water 
forms, but also from the Turtles proper, which, like it, are marine. 
It is the only living representative of an important e.xtinct group, 
some members of which attained a very considerable size, and 
is the largest existing marine species, being when full-grown 
over 6 feet long. The limbs arc modified into large nailless 
flippers, which are very efficient swimming organs. These, how- 
ever, arc not its special peculiarity, for similarly modified limbs 
are found in ordinary turtles, but this is found in the nature of 
the “ shell The carapace is made up of numerous bony pieces 
united together in a tesselated manner and quite free from the 
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underlying ribs and vertebra, besides which there is a complete 
absence of overlying horny plates, the place of these being taken 
by leathery skin raised into a small number of prominent longi- 
tudinal ridges I he plastron is not so well developed as in 



ordinary turtles, and is entered by ridged skin resembling that 
on the upper surface These creatures are found in the tropical 
parts of all the great oceans 

^2) The S-necked Chdonta include the large majority of 
•existing species, and are so called because the head, when re- 
tracted, IS drawn straight back into the shell, being at the time 
thrown into an S-sha[)ed curve 

(a) Land and Fresh-water TortOiSes — The genus Tesiudo 
■(figs. 134 and 136), to which the Grecian Tortoise (Testndo 
Graca) belongs, is a representative of the largest family of Land 
Tortoises, or indeed of Chelonia generally, including a score of 
genera which embrace between them some 113 species The 
family is found m all parts of the world except Australia, New 
Ouinea, and the related islands. Among the most interestmg 
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forms included in the same genus with i^e Grecian Tortoise are 
iburteen giant species, which either are or have been within the 
last 300 years inhabitants of some of the islands in the Indian, 
and South Pacific Oceans. Of these probably the best known 
are those found in the Galapagos Islands off the north-east coast 
of South America. Several species have been described, one 
of which {Testudo nigritd) was described by Darwin as reaching 
such large dimensions that large specimen^ could only be lifted 
by from six to eight men. 

The European Pond - Tortoise (Emys orbicularly may be 
mentioned as a good example of a fresh- water form. In ac- 
cordance with its aquatic habits, the shell is much flatter than 
in a land tortoise, and the feet are webbed. It is a native of 
South Eurof)e, South-west Asia, and parts of North Africa, 
Specimens, mostly of small size, are often exhibited for sale in 
this country. 

{b) Turtles are marine Chelonia obviously adapted for aquatic 
life, as may be seen from their flattened shells and paddle-like 
limbs, the digits of which have for the most part lost their claws. 
The front end of the carapace is notched, and the head can 
\xt only partly retracted. The true turtles somewhat resemble 
the Leathery Turtles (see p. 217) in form, a result of adaptation 
to the same sort of life, but,^ unlike the latter, ihe shell is covered 
by horny platrs, and some of the digits have retained their claws. 
There are also important differences as regards the plastron and 
carapace. The former, though not so complete as in the Grecian 
Tortoise, is more so than in the Leathery Turtle, while the 
carapace is made up of the same elements as in the tortoise 
and is firmly connected with the internal skeleton. Two species 
may be noted here — the Green Turtle and the Hawk’s-bill 
T urtle. 

The Green Turtle {Ckelone midas), found in all the warmer 
parts of the ocean, is the .species which has attained a doubtful 
.sort of fame in connection with aldermanic feasts. Its .short 
beak devoid of a hook is well adapted for biting off* the pieces 
of sea-weed which constitute the food. The horny plates which 
cover the carapace are united by their edges. 

The Hawk’s-bill Turtle {Ckelone imbricatd) has the same 
wide distribution as the preceding species, but is somewhat 
smaller. Its strongly-hooked beak accords with a carnivorous 
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habit, and the overlapping^ horny plates covering the carapace 
are the source of “ tortoise-shell 

(3) The Side-necked Tortoises are a rather remarkable as- 
semblage of fresh -water form, owing their name to the fact that 
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the head and neck cannot l>e drawn straight back Into the 
hollow of the shell, but the same end is effected by be nding back 
the head sideways. These tortoises are all restricted to the 
southern land-masses, and range right tound the globe, being 
represented in South America, Africa, Madagascar, Australia, 
and New Guinea. 

(4) So/t 'Tortoises,— ThGSG are found in the rivers of the 
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hotter partb of Asia, Africa, and North America, their name 
being derived from the fact that the shell is entirely devoid of 
any horny plates. Not only so, but the cara[)ace is deficient as 
regards bony elements, the marginals being either absent or 
largely so, and it is not united to the plastron, w.lnch is still more 
deheierit The shape of the body and limbs accords with the 
thoroughly anuatic habit, but the latter are not so completely 



Fif 1 17 — Nilo«ic Soft TortOMC ( Tnmy r trxnmgms) 


converted into flippers as in the turtles. The head is provided 
with a curious tapering snout, and is situated upon a very long 
mobile neck, which on the one hand can be retracted as in the 
S-necked forms, and on the other can be shot out with extreme 
rapidity. This is, no doubt, a useful acquisition to the Urge 
carnivorous members of the group, but is at the same time a 
very unpleasant one, for these large species are very fieit:e, and 
the natives are often badly bitten by them. The skin is of a 
greenish colour as a rule, with yellow spots. 

Of the six genera included among the Soft Tortoises, Trionyx 
is by far the most important and also the most widely distributed. 
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being the only one which extends into the New World as well 
as the Old, Typical species are the Gangetic Soft Tortoise 
{Tnonyx Gangetuus)^ the Nilotic Soft Tortoise ( 7 ". triunguis) 
(fig- *37)» which feeds largely on the eggs and young of the 
crocodile, and the common 
American Soft Tortoise (Z! 
ferox)y a native of the North 
American streams which flow 
into the Gulf of Mexico, and 
noted as a destroyer of the 
alligator’s eggs and young. 

Order 3.— Lizards 
(Lacertilia) 

The larp^ I izard order, of 
which a fair average sample 
has already been described 
at some length, embraces re- 
presentatives in all parts of 
the globe except the polar 
regions, and includes no less 
than twenty families, contain- 
ing about 1700 species. It 
will only be possible here to 
rmtOtion a few of the more 
interesting forms, included 
in the families of — i. Geckos; 

2. Scale-footed Lizards; 3. 

Agaq^Ofcfe j 4 - Iguanas ; 5, 

Snake L^Z^y<^S6.Vi:>>omous 
LizaVflto; 7. > 8 . 

Lizards ; 9. Skinks ; 
and 10. Chameleons. 

I. Geckos are small noc- 
turnal lizards, with large eyes, and lobed feet adapted tor climbing. 
They are found in all the warmer paru of the earth, and the Wall 
Gecko {Tarentola Mauriianica) (fig. 138) of the Mediterranean 
shores is the most familiar example. One structural feature of 
the family deserves notice here, ue, the shape of the centra of the 
vertebra. These are biconcave, a very primitive feature specially 
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characteristic of fish and low types of other vertebrate groups. 
In Reptiles generally it is most commonly the case that the centra 
are concave in front but convex behind 

2. Scale-footed Lizards make up a small family of snake- 
like forms found in Australia, Tasmania, and New Guinea. The 
fore-limbs are entirely wanting, though the hind -limbs are repre- 
sented by lobe like projections, but for which these creatures 
might well be mistaken for serpents. An examination of their 
structure, however, clearly shows that they are true lizards. 

The Common Scale-foot {Pygopus lepidopus) of Australia and 
Tasmania may be mentioned as an example. 

3. The family of Agamotd Lizards is a very large one, limited 

to the southern and eastern parts of the Old World. A typical 
form is the Black-lipped Tree- Lizard (Calotes nigrilabrts) of 
Ceylon. Its body is of a metallic green tint, except the lips 
and sides of the head, which are black. Among the more 
remarkable members of the family are the so-called Flying 
Lizards or Dragons of South Asia, small forms which certainly 
do not live up to the latter name. These animals do not fly 
in the proper sense of the word, but there is a parachute -like 
expansion on each side of the body, supported by extensions of 
some of the ribs, and capable of being folded up or extended. 
The Malayan species \Draco volans) is well known. The 
Thorny-tailvd Lizards of Africa and Asia have the tail covered 
with rings of spiny scales, and one species, the Dabb {(/roma^t^x 
spinip(:>), is common in Arabia, Egypt, and Crete. Australia 
furnishes two remarkable species in the Frilled Lizard {Chlaviy- 
dosanrus which has the habit of walking about on its 

hiiul-lcgs, and the Moloch (Moloch horridiis)^ covered with large 
thorny si)ines. 

4. '1 he Iguanas are, with few exceptions, tound in the warmer 
parts of America and the West Indies. The Common Iguana 
(Iguana tuberculaid) is a good type of the family, and the promi- 
nent toothed ridge running down the middle of the back is a 
characteristic feature. It is a vegetarian and lives mostly in 
trees, but is also a very active swimmer. It may attain a length 
of over 4 feet, which includes, however, the exceedingly long tail. 
One of the most interesting members of the family is the Gala- 
pagos Sea-Lizard (Amblyrhynchus crisiatus\ the only known 
marine member of its order. In size it rather exceeds the 
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Common Iguana, which it resembles in the presence of a dorsal- 
toothed ridge. The head, however, is smaller and rounder, and 
there is a group of conical scales on the upper surface, while the 
powerful tail is flattened from side to side and thus rendered 
an efficient swimming organ, there being also an indication of 
webbing between the digits. The food consists of sea- weeds. 
Among the most bizarre species related to the Iguanas are the 
Helmeted Basilisk {Basi/tscus Americanus) of Central AmtTica 
and Costa Rica, which perhaps suggested one of the fabulous 
animals of mediaeval zoologists, the somewhat similar Capuchin 
Li/ard [Corythophancii cristatus) of Costa Rica, and the Cali- 
fornian Horned “Toad” {Pkrynosoma cormitum\ the general 
*ippe<irance of which cert.iinly does suggest a spiny sort of load, 
possessed, however, of a tail. 

5 The Svak:-! izards^ of which the name suggests the external 
appearance, h*ive their head-quarters in Central America and the 
West Indies, but also occur north and st>udi of this in the New 
World, .ind arc represented in Kurope, North Africa, and India 
'rhey not only possess horny scales but also underlying bon\ 
scut<‘s, which on the top of the head attain a relatively large size. 

1 he iiKist f.imiliar sp(‘(ies is the Blind-Worm or Slow-Worm 
( hurjiis common in Brit.iin, and having a wide range 

in luirope, occuriing aNo in North Africa and in Asia. B 
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often mist.iken for a snake, anti crronconsi rc^.irtletl as exct ccl- 
tiiLjly |)oisf)nous. Its popular name dates btick to the times 
v.hen the word “worm” was applied.to serpents, and a survival 
of tliis old usaRc appears to rem.iin in some place-names, such 
as “Worms” lleath, in Surrey. The Blind- Worm exhibits no 
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external tnice of limbs, though vestiges of these are present in 
some of Its relatives (see fig. 139), and its teeth are slender and 
fcing-hke Its food consists of slugs, worms, insects, and the like 
The specific name “fragilis*' has reference to the readiness with 
which the tail breaks off when the animal is handled or struck, 
a protective arrangement not uncommon among li/ards (p. 194) 

6 l^cttvnious Lrards are represented only by one genus 
containing two sjx'cies, both North American, one l>cing from 
Mexico [Jltiodinna horrida) and the other from Arizona (//. 
smpecta) Thev are carnivorous forms of consider?ible siz^*, 
col( aired and mottled in such a way as to make them conspicuou.> 
objects when seen apart from their natural surroundings. Ihe 
poison arrangement is something like th.it found in snakes, there 
being slender f.ing like teeth grooved to conduct a |X)isonous fluid 
from glands at their b.ist s 

7 Monitors are the largest living lizards, and are distributed 
over the warmer p«irts of the Old World In general pro|X)rtions 
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they are not unlike the typical form previously described, with 
which also they agree in the possession of a welbdeveloped 
forked tongue capable of being thrust far out of the mouth. A 
common species is the Nile Monitor {^Varanus Niloiuus)^ which 
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ranges over most of Africa (fig. 140) The food consists of small 
vertebrates and various kinds of eggs, including those of the 
crocodile. The name Monitor embodies an erroneous idea that 
this creature hisses in a peculiar way when a crocodile ap- 
proaches, and so gives a “ warning ” of its presence. 

8. What may perhaps be called the Conwion Lizards 
(Lacertida?) include some 100 sp)ecies. distributed over Europe, 
Africa, and Asia. The Sand Lizard (Laccrta agilis) of Britain 
IS one example, and the only other British member of the 
order (except the Blind-Worm), the Common Lizard {^Zootoca 
vivipard)y is another. Among the larger and handsomer 
forms may be noted the Green Ij'zard i^LcLcerta viridis), 
ranging from Portugal to Persia, and found abundantly as far 
north as Germany, and the Wall Lizard (Lacerta mura/is), 
which is specially characteristic of the countries bordering the 
Mediterranean. 

9. The yi'i or Burrowing Lizards, constitute a family 
of which the distribution is 
{Sc incus officinalis), found on 
lx)th sides of the Red Sea 
and on the north side of the 
Sahara, suggests in appear- 
ance a fish mounted on legs. 

The shape and smoothness 
of the scales are apparently 
features related to the bur- 
rowing habit, and the animal 
also possesses the useful 
power of seeing with its eyes 
shut, for the lower eyelid is 
provided with a transparent 
area which answers the pur- 
pose of a window. 

The European Snake-eyed Lizard {yld/ipAarus pannomeus) 
(fig. 14 1 ) of South-east Europe and parts of South-west Asia 
is a slender creature with very small five-toed limbs. 

The Three-toed Bronze Lizard {Cka/cides tridactylus) of Italy, 
Sicily, Sardinia, and the opposite part of \frica, is snake-like in 
form, with small reduced limbs. From Roman times to the present 
day it has been groundlessly regarded as extremely venomous. 

Vot. L ** 


world-wide. The Common Skink 
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The most extraordinary member of the family, however, is 
the Stump-tailed Li/ard {^Trachysaurus rugosus) (fi‘j 142) of 
Austrilia, with short flattened tail, stroii” limbs provided with 
wrcll - developed daws, and very prominent resrularh - arrani^ed 
scales 

JO. Chameleons are small trec-inhabitint^ reptiles, familiarly 
known as possessniij^ the j>ower of chanirinjr the colour of their 
‘.kins to harmoni/e with the surroundings for the time being 
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Thev exhibit mm) remarkable peciili.irities of structure r(laie<l 
to climbing and the capture of thtir prey, which cfinsists (^ 
insects. They form a well-marked group, difleniig so mu< h 
from the other sulxlivisions of Ii/ards that it would probably lx* 
better to consider thun as a distinct order 1 he scales arc \rr\ 
small and granular, and the rem.irkable head is poss(*ssc‘d ol 
enormous eyes which can be moved independently of oiu' anothcM 
while each is pro\ided with a circular eyelid, in the middle o( 
which is a small round hole There is no external trace < 1 
organs of hearing H( 3 th limbs and tail are modific^d for climbing 
1 he tongue is club-ended and worm like, and c.in lx‘ rapidK 
jirotucled lo a distance equalling the length of the bcxly (exclusive* 
of the tail) Being rendered sticky by a special secretic^n, it 
I inns a very eHicient insect-catching apparatus The lungs of 
(chameleons are (>f interesting structure, there Ijeing an approach 
to the air-sacs of Birds (see p. 148), for each lung, though fairly 
sjxmgy and thick -walled in front, is produced behind into a 
numl^er of thin- walled slender processes which extend between 
the various internal organs. It does not appear, however, that 
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these outgrowths are of much use in breathing, but they can be 
distended with air so as to swell out the body. This may be a 
protective arrangement 

Nearly fifty species of Chameleon are known, of which the 
vast majority are natives of Africa and Madagascar, though 
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oullMiig members of the group arc found in Arabia India 
tind C(\lon while one sji( t ics the Common Chameleon 
{Chanuclco (fig 143), ranges lound the eastern and 

sovithcin shous of the Meditcrranc «in, and also extends into thi 
south ol Sp«Lin 


Order 4 — Sn vki s (Ophidia) 

Although at first sight iheie seems to lie a great deal of 
difference between snakes and li/ards, careful examination 
shows that there are impoiuint points of resemblance, and 
some zoologists include the two groups m a single order 
Sgiiamata, among the distinctive leatuies of which are the 
possession of well-marked overlapping scales, a transverse cloacil 
opening, quadrate bone movably attached to the skull so as to 
give a double jaw-joint, and simple lungs. 
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The elon^jated cylindrical form is well suited for gliding 
through thick undergrowth or herbage, and it may be for climb- 
ing, while some snakes are modified for swimming and others for 
burrowing. The resemblance to the limbless lizards is striking, 
but here as elsewhere too much importance must not be attached 
to similarity of shape, as this may result from the same or similar 
habits in animals which are not closely related. No snake ever 
possesses the least trace of fore-limbs, even their girdles being 
entirely absent, as also is the sternum. Snake-like lizards, on 
the other hand, may have very small fore-limbs or external 
traces of the same; and if not. as in the blind-worm, dissection 
shows that the girdles are represented, nor is the sternum ever 
absent. As regards hind-limbs, these are generally entirely 
absent in snakes, but vestiges are in some cases to be found one 
on e ach side of the cloacal aperture. 

The head is small and flattened, passing without any 
perceptible neck into the trunk, and that again into a gradualh - 
tapering tail. In nearly all cases the mouth is a wide slit, and 
a small rounded nostril can be seen on each side of the snout 
at or near its tip. The stony stare which is so characteristic 
of a snake is due to a very peculiar arrangement. Instead of 
upper and lower eyelids, there is a circular area of transparent 
skin by which the eye is protected, and occupying the* space 
between this and the front of the eyeball is a tear-ch unber always 
full of the secretion of the tear-gland. 

Numerous overlapping scales cover the body, these being 
replaced on the head and under surface of the Ixxly by 
horny plates. Ventral shields, as those in the latter position 
are termed, are never to be seen in the limbless lizards. Snakes 
exhibit a great variety of colouring and marking, by which 
protection or other purposes are served, as will be .seen else- 
where. One very characteristic habit, not peculiar to this group, 
however, is the periodical shedding of the outer part of the skin. 
The snake wriggles out of this slough, turning it inside out in 
the process. 

The internal organs of snakes (fig. 144) exhibit a number 
of peculiarities, dependent partly on the elongated shape of 
the body, partly on the way in which prey is secured and 
swallowed, and partly on the manner of locomotion. The first 
factor, for example, influences the number of the vertebrae, and 
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the way in which the internal organs are packed into the long 
but narrow space available for the purpose. 

The skull is made up of very hard and polished bones, 
its most notable features being the loose union between the 
various bones connected with the jaws. The two halves of the 
lower jaw, for instance, are not firmly united at their tip, as is 
the case of most reptiles, but are only connected by an elastic 
ligament which permits of a good deal of stretching. Not only 
so, but the upper jaw also is 
capable of a good deal of move- 
ment. This flexibility has to do 
with the necessity for great ex- 
pansion in the act of swallowing 
large prey, and also plays a large 
part in enabling poisonous forms 
to use their poison -fangs effec- 
tively. It may also be noticed 
that the hyoid apparatus is ex- 
tremely small. The long back- 
bone is made up of some two 
or three hundred vertebrae, the 
centra of which have the usual 
reptilian shape, i,e, concave in 
front and convex behind. Such 
a large number of ball-and- 
socket joints give a very large 
amount of flexibility, but some 
provision is nece.ssary to impose 
cl limit to this, as otherwise dis- 
location would be liable to occur 
when complicated curvings were 
being described. This is partly 
provided for by overlapping 
articular processes on the arches of the vertebrae, as in most 
Vertebrates with well-ossified backbones (see p. 26), but in addition 
to these a pair of wedge-shaped projections stick out from the 
front of each arch and fit into corresponding pits at the back 
of the preceding one. It should be mentioned that similar 
processes are found in some other reptiles, as, for example. 
Iguanas, where, however, they are not so well developed. 



Fig 144 — Structure of a Snike 


A, Oeneml dissection is, I'pper <ude of brain c. Dii- 
grammatic vertical section to show tear*chainl>er in front 
of eye 
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In the absence of both sternum and pelvis, means of dis- 
tinguishing between regions of the backbone largely fail, and 
though the first two vertebrae are undoubtedly cervical, . it is 
best to speak of the rest as divided into two kinds only — 
trunk vertebrae and tail vertebrae. Each of the former kind 
bears a pair of simple curved f'idsy the free ends of which are 
firmly connected to a pair of the ventral epidermal shields. 

The most interesting features connected with the digestive 
organs have reference to the tongue and teeth. The former 
IS slender and forked, and can be drawn back into a kind of 
sheath. It is not a sting as is popularly believed, but probably 
serves as an organ of touch, and may perhaps also play a part 
in the “ fascination ” which a snake seems to exert over its 
victims. The backwarclly-curved, sharply-pointed teeth are in 
most snakes arranged along the margins of the jaws and in two 
rows along the palate. In poisonous forms the two front teeth 
in the upper jaw are grooved or channelled for conducting poison 
from special glands, and it is these “poison fangs” which are 
capable of inflicting fatal wounds. Such a snake, therefore, 
is deadly in virtue of its power of giving a poisoned bite. The 
“ sting ” of a scorpion or wasp is an entirely different thing, and 
the organ which administers it is situated at the hinder end of 
the body, as most of us have practical cause to know tn the case 
of the latter animal. 

There is no occasion to dwell upon the circulatory organs, 
for in essential respects these are constructed on the plan 
described for the Sand Lizard (see p. 191). 

The breathing organs are distinguished by one or two 
remarkable peculiarities. In the first place, the top of the 
windpipe is drawn out into a tube, the end of which 
protrudes from the mouth when prey is being swallowed, an 
operation that would otherwise stop the breathing altogether. 
The two lungs are very unequally developed, for whereas the 
left one is reduced to a mere vestige, the other is correspond- 
ingly large and extends far back in the body, the arradgement 
being convenient in a body so elongated and narrow. The 
hinder part of this right lung is thin-wailed, and appears to 
chiefly serve as a reservoir of air. 

The brain agrees in the main with the type described for 
the Sand Lizard, and in regard to sense organs one peculiarity 
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has already been dealt with. i.e. the tear-chamber of the eye. 
The organs of hearing consist solely of the membranous laby- 
rinth. the sound-conducting middle ear being entirely absent. 
The tongue appears to be used as an organ of touch. 

As at least a thous;iiid species of snakes are known, it will 
only be possible here to mention a few of the more important 
forms. The following groups can be recognized:-- 1. Simple- 
toothed Snakes; 2. Whip-Snakes; 3. Cobras and Coral Snakes; 
4. Sea-Snakes; 5. Vipers; and 6. Blind-Snakes. 

I. Simple-toothed Snakes are non-poisonous forms, in which 
both upper and lower jaws are provided with rows of solid, hook- 
like teeth. Here are included the giant snakes known as Pythons 
and Boas (fig. 145), which are found in the tropical regions all 
round the world, but are especially abundant in South America. 
Among the species may be mentioned the Indian Python 
{^Python molurus\ which may attain a length of 30 feet, the 
somewhat longer West African Python (P, schre), the Anaconda 
{Euneees munnus) of tropical South America, which is en dited 
with being the largest of living snakes, and the much smaller 
Boa Constrictor {Boa constrictor) from the same region. All 
these forms kill their prey by crushing, and it may also he 
noted that their skins are very beautifully marked with elaborate 
patterns. They are the only snakes which {X)ssess e!^riernally 
\isible remains of the hind-limbs. 

Not very distantly related to the giant snakes are the two 
harmless forms (fig. 146) which are found in Britain, i\t\ tl 
Grass Snake ( Tropidonotns natrix) and the Smooth Snake 
{Coronella leeins). The former is commonly met with in the 
neighbourhood of fresh water, and it is a good swimmer. 'I'hc 
frog is the favourite article of diet, but small mammals, birds, 
and fish are also eaten. This snake can readily be distin- 
guished from the poisonous Adder by its colour and markings. 
The darker upper surface is usually brownish or greenish, marked 
by darker spots or narrow transverse bands, while at the back 
oi the head is a good-sized yellow or orange patch on each sid(\ 
liehind these again being a broad dark “ collar The under- 
side of the body is mottled, and of much Hghte*" hue. 

The Smooth Snake is not common in Britain, but is some- 
times found in dry places in the southern English counties. It 
is smaller than the Cirass Snake, and may readily be distinguished 
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by the markinji^s on its upper side, consisting of a dark blotch 
on the neck and a double senes of brown sixits runnmc^ down 
the body It feeds on other reptiles 

Both tliese British species especially the Grass Snake. ha\e 
a ^^ide distribution outside of Great Britain 




Fig T46 

I Crjss SiMke wt/ni'' 2 Smo ih Snake (. oronell x Itr- Alder PfntsUrMs 


2 li’/itp Snakes and their allie*- are green tree inhabiting 
forms, native to the tropical regions oJ Asia, Atrica, and America 
The head is small and pointed, the body extremely slender But 
the most remarkable peculiarity is seen in a varying number ot 
the hinder teeth of the upper jaw, each of which has a groove 
in front Such grooves on the upper teeth of serpents generally 
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serve the purpose of conducting poison from a poison-gland into 
wounds made by the teeth, and it has been asserted that this is- 
the case in some members of this group. 

3. Cobras and Coral-Snakes are tropical forms in which the 
front upper teeth are grooved poison-fangs, conducting venom 
from poison-glands. Cobras are found in South Asia and Africa. 
Examples are the Common Cobra of India (Naia tripudians), 
called “ cobra de capello *’ (hooded snake) by the Portuguese 
settlers on account of its power, characteristic of the genus, of 
inflating the skin of the neck when irritated. 

The Coral-Snake {Elaps corallinus) of South America and 
the West Indies is a small form, in which the body is beautifully 
marked by broad scarlet rings alternating with much narrower 
black rings with greenish edges. 

4. Sca-S^iakes are venomous forms ranging from the Persian 
(jLilf eastwards as far as New Guinea and North Australia. 
Their poison-fangs are of the same kind as described for cobras, 
&c., and the hinder part of the body is flattened from side to 
side so as to constitute a powerful swimming organ. Unlike land 
snakes they cast their skins in pieces, and not in a continuous 
slough 

5. Vipers of all snakes are the most specialized as regards 
the mechanism of the poison-fangs. Of these, two are present, 
ami they are the only teeth in the upper jaw. The groove 
seen on the front of the fangs of other poisonous forms is here 
converted into a canal, op)en alcove to receive the fluid from 
the large poison-gland, and below so that this may Ixj intro- 
duced into the wound, Hook-like teeth of the ordinary solid 
kind are present on the roof of the mouth and afong the 
margin of the lower jaw'. The head of a viper is flat and 
triangular, possessing more than in any other kind of poisonous, 
snake the shape of the conventional “ spade on a playing-card, 
which is so often quoted as characteristic of venomous species. 
It is, however, a fallacy to suppose that all the dangerous reptiles 
of the order can be easily distinguished in this way. 

Two .species may be taken as examples, the Adder [Peiia:, 
bents) (fig. 146) and the Common Rattle-Snake {Crotalns dnrissi- 
mus). The former is the only poisonous British snake, and it has- 
a very wide distribution in both Europe and Asia. Smaller than 
the Grass Snake, it may be distinguished from that species nor 
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only by the shape of the head but also by the presence of a dark 
stripe running down the back, and it is especially common 
in dry localities, such as sandy heaths. 

The Common Rattle- Snake (fig. 147) is a representative of 
the “ Pit " Vij>ers, a group characteristic of South Asia and 
the New World, and so called because they possess a deep pit 
in front of each eye. This particular kind is a large species 
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^^lengtli up to 6 feet) which inhabits North America, and, like 
five other allied American species, is distinguished b\ the peculiar 
organ known as a “ rattle This consists of a number of inter- 
locked horny rings at the tip of the tail, generally supposed to 
be the remains of successive cast skins, though this is denied 
by some authorities. The rings are at any rate more numerous 
in old forms, while to begin with, the rattle is only represented 
by a button -like knob. 

6. Blind- Snakes are small animals a<.i.ipted to a burrowing 
life, and differing in many ways from other members of the 
order. The small head merges insensibly into a worm -like 
trunk, and that again into a very short tail. The body is 
uniformly covered with rounded scales, the large ventral horny 
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shields so characteristic of an ordinary snake being absent. 
The small mouth is on the under side of the head, and cannot 
be opened widely; nor is this necessary, as the food consists ol 
ants and other small creatures. Strong horny pl.ites protect tin- 
front of the head, and each of the vestigial eyes is cox t-retl b) 
one of these. 

Blind Snakes are widely distributed through the hotter parts 
of lx3th Old and New Worlds, one species, the l*iir(»})ean 
Blind-Snake (7yp/i/o/>s vemiiai/arh), ranging from Western Asia 
into Greece. 


Order 5. — Tuataras (RhynchocephaLi) 

This order, which is ot great age geologic ally, is ol v( i \ 
special interest, because it prob«ibly conn-s mar the anctstoil 
stock from which all the groups of Reptiles ha\e sprung «iii(l 



Fig 148 —The Tu «nr» 'Matterm f>nnctntfi^ 


also, more indirectly, the Birds and Mamm.ils. It is represented 
at the present day by a solitary species, the li/.ird like ruatara 
{Hattcria punctata) (fig. 148), now unfortiinat<-l\ on th(- \<'rge 
of e<tinction, and mainly found on, if not iiuleerl absolutely 
limited to. some small islands off the north cast coast of New 
Zealand In length it is alxnit 20 inches, and, judging from 
external characters only, would no doubt be classified with 
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lizards, as was formerly the practice. The large head is fairly 
well marked off from the stoutish body, wliich again passes 
into a large flatteiied tail. The short limbs present the usual 
regions, anil each of the extremities possesses five clawed digits, 
rhe eyes are large, but there is no external trace of organs of 
hearing. The scales of the upper surface are in the form of small 
granules, with the exception of a series of sharp spiny ones which 
make up a cre.st running down the middle line. A number of 
s([uarish horny jdates arranged in transverse rows cover the 
under surfaa.*. 

As regards its internal striu ture the Tuatara differs in many 
important points from tyj)ical li/ards, but as the distinctions are 
Lirgely of a technical nature, only a few of them c.in be men- 
tioned here. 

d'he </ua(/rate hone, to which the low'er jaw is hinged, is not 
movable as in a ii/ard (se*- p. :!O0), but lirmly fixed to the skull 
as in the crocixllle, iind the tw'o haJves of the lower jaw are 
united together in front only l)y fibnms tissue. The centra of 
th(* vertebuf are biconca\e in shape (see p. 221), and exhibit 
other piimitive characters. The rih^ |)osst -^s uncinate processes 
as in Birds and Crocodiles (see p. 145), and there are ahdoniimii 
ribs is in the latter (see p. 206). The feef/z are also peculiarly 
arranged, there being two n)ws above, one on the upper jaw' and 
the other on the roof of the mouth, and into the* groove betwci'n 
these the teeth of the lower j.iw bite, getting in com a* of time 
ground to a sharp edge. In the front of llu^ upper ja\. arc two 
w’edge-shaped teeth, almost reminding oik* of tliose present in 
a rahbit. All thf^si* teeth are firmly fused with the edg(‘s of 
the firm l)ones. and in old aniiiials may be much ground 

Clown that the bones them.selves .ict as biting organ.s. 
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This class of coUl-bloodcd vertebrates is i)ften confouncletl 
with Reptiles, from which, however, its members diffe*' in many 
important resp(‘cts, IxMntj altogether of simpler type. I'hey art*, 
in fact, more closely related to Fishes, with which they art* 
sometimes associated to form a larger group, the k HTii\t>i'sii).\. 
or b'ish-like Animals (Gk. ichthus, opsis, appearance), as lias 

already been statetl. A typical species will here be brielly de- 
scrilx'd, and a compiirison with what has been said about the 
Sand Lizard (p. 19 1) will illustrate the points of agreement as well 
as of difference between Amphibians and Reptiles. 

The Spotted Salamander {Salamandra maculosa) (fig. 152) is a 
European animal from 6 to 9 inches long which has long attiMcted 
attention, mainly perhaps on account of its supposed power ol 
withstanding hre. The flattened rounded head is not sejiaratcd 
by any appreciable neck from the somewhat clumsy irmik, which 
passes gradually back into a long thick tail. The four sprawling 
limbs are directed a good deal outwards, and scarcely lift th(! 
body from the ground: the fore-limb possesses fcnir digits, 
the hind-limb five. The mouth is a wide slit, and the two 
small valvular nostrils are placed near the tip of the blunt 
snout. Large eyes, provided with upper and lower eyelids, are 
present, but no trace of auditory organs can be seen externally. 
There is a longitudinal slit, the opening of the cloaca, on the 
under side of the body near the root of the tail. 

The animal is rendered very conspicuous by its colouring, 
which consists 01 a ground of black, upon which are arranged 
broad patches of orange-yellow. The skin differs markedly from 
that of a reptile, for it is soft, moist, and smooth, being entirely 
devoid of scales, plates, or claws. Its damp feel is due to the 
secretion of very numerous skin -glands, some of which secrete 
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c'l poisonous fluid. Of these the most conspicuous are i^rouped 
so as to form a swelling behind either eye. 

The internal skeleton (fi^. 149) is not so bony as in a reptile, 
consistinj^ largely of tou^h membrane and oristle. I'he skull 
like that of a mammal, has a pair of condyles at the back for 
joinini>[ on to the backbone. There is no quadrate bone, but 
lh(‘ lower jaw is hin^^ed on to a cartilaginous projection of th(* 
skull which represents it. The “ hyoid apparatus (see p. 29) 
in the floor of the mouth consists of a small unpaired cartila^rc 
in the middle line and other pieces of cartilai^e at the sides, 
of which three pairs are the most conspicuous. I'hese. as we shall 
see later, are vestiges of structures which were once more important 

The backbone consists of a considerable number of fairly 
bony vertebras the centra of which arc for the most part 
t'onvex in front and concave behind, just the reverse of what 
is true for mo,;t reptiles. This is only ch.irdcteristic for some 
of the Amphibia, however. The followini^ regions can be dis- 
tinguished: neck, trunk, sacral, and tail. Only the first vertebra, 
the rin<4-shaped atlas, can be considered as definitely belon^ino 
to the neck region. It, and the hinder vertebrae of the tail, 
bear no ribs, which are present, however, as short slender bones 
in all the others. There is a sin<>le sacral vertebra united to 
the pelvis by means of its ribs, and formini^ a division between 
the trunk vertebre in front and the caudal vertebne behind. 
A sternum is present in the form of a small plate of cartilage 
on the under side, but this, from the way in w^hich it is developed, 
app(‘ars to be equivalent to two small abdojninal ribs fused 
tooeth(*r, and is not, therefore, of the .same nature as the part 
so called in th(‘ hij^hcr vertebrates. 

rhe limbs are supported l)y an internal skeleton, which corre- 
sponds very closely with the patterns de.scribcd on pp. 196-198. 
Indeed it ouL(ht to be stated that the^’e patterns are very 
largely founded on what is seen in the Amphibia, these beimr 
the simplest backboned animals possessiiii^ limbs suited for pro- 
gression on the ground. Two deviations from the pattern may, 
however, be noted, one being that in the fore-limb the little 
finger is entirely absent, while the other is that in the pelvic 
gi»‘dle there is no clear boundary betw^een pubis and ischium, 
the two being represented by a plate of cartilage with the hinder 
part of which a bony plate is connected. 
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There are not many points which need detain us in the 
structure of the c/igcs/iz'c or^^ans (h^^ 150). A considerable 
numlx^r of small tccth^ with forked crowns, are fused with th(‘ 
bones which furin the margins of the jaws, and there are two 
lonjuiiudin.il rows of similar teeth on the roof of the mouth. 
CiuJlet, stomach, small intestine, and l.ir^e intestine are present, 
the last beint; very short and openinc^ beliintl into a cloacal 
v^hamlx^r. I he Salamander is found in damp places, where it 
lurks in creMces, comini^ out in the evening or during rain to 
fe("d upon worms, snails, and slu^s. 

X’ery special inter(‘st att.iches to the cinitlaioi y oviiain (fi^. 
150). especiallx as res^ards the structun‘ ol the heart and the 
arraiv^ement (}f the lart^e arteries. 1 here is a certain ai>ree 
ment with th(‘ >>and Li/ard (see p. iqi) in so far th.it th(^ 

\ems open iiilo a thm-walle<l vcnoiti^ suni\, that pours the impuri 
blood it r(Hei\(s from th(‘m into a j i^ht auUiL, which is sep.iiated 
b\ a part) wall from a lift auruL Kteiviii'^ l)ure blood from lh( 
luiv^s both <uin\Us open int(^ the smi;l( ^iutruL Hut lh<*r( 
IS here not i\en .in int<*rn.ill\ projccuni; ndi^e for j)auud d’\ision 
of th(' \ciuricl(‘ into rii^ht and left h<iK(‘s, and there is an addilional 
region to th( htari, th( iirtma/ lO/n, a lube which is in coinmum 
cation with the (a\ity of the ventrule on tin* rioht-h.ind s)d(‘, and 
from which tiu ^reat -irtene^s takt‘ origin in the form of four pans 
»)f arterial arclv s. It is now time to consider more full) tlu 
actual mcMnniLi of su» h rirehes, which ha\e been seen to be 
pn'scni, though in .i much l(‘ss pronounced foim, in l\(j)t!lc. Hire! 
ind Mammal |sc (- p 201 ) 

A Salamand( r wacm startin<4 an imU jx ndent (xisiciue is 
unliLi tho <idult in i in\ imp(»rtani icspfcLs, and is the n lore 
(.died a /(in a. In th-s pardcuhir case ihou'^h a p.iir of small 
luncjs are present, the ^ are to beL;m with of liiile or no use foi 
brcMthint; pur[)osc‘s. 1 hr ( ffinent organs r»f respiratiem are thicc 
pairs of feath(T) 'rills i^rowiiiti from the side's of the throat, cUid 
containin'^ a net-work eit dell(\ite bloocl-\ essels. Me atin;^ free!) 
in the .surroundinc( w.iter, thc'se trills present a lar^e surface 
throuj(h which the dissolved o.xy^^cn can eMffase into the bI<KKl 
and the waste carlx>n dioxide diffuse out of it. Close inspection 
reveals the presence of four small gill-diis on each side of the 
thnj<it, by which the Imck part of the mouth-cavity communi- 
cates with the exterior, and each slit is in front of a corresponding 
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Structure of Spotted Salamander ^SalamoMdra meuxlosa 
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kir-like thickening or gill-arch. These bars and slits are good 
examples of visceral arches and clefts, the presence of which at 
some j)eriod of life or other is one of the primary characteristics 
of a Vertebrate (see p. 62). The three gills on each side grou 
out from the tops of the three first gill -arches. I'he heart of 
the larva contains impure blood only, returned from all parts 
of the U)cly, and its function is to pump this blood to the gills 
for purification through paired afferent branchial vessels which 
run within the gill-arches. The purified blood is collected uj) 
from the gills and distril)uted to the body by efferent branchial 
vess(‘ls which unite above to form a dorsal aorta. Kach affen'iit 
vessel, with the corresponding efferent one. constitutes what m.i) 
be called an aortu anh. As the larva gr.idually assumes the 
structure of the adult all th(‘ gill-slits close, the gills at the 
s«ime tim(‘ shrivelling up. Mcsinwhili' thi‘ lungs have increas(‘d 
in si/e, and take on the work of ])urif)ing the blood, aiul lh<' 
<i<|uatic gill-b(‘aring larva is thus convened into a UTr(*strial .ur 
breathing S«ilainander. The heart now receives not only impure 
blood from the body, but also purilu'd bkxKl Irom the lungs, 
and It b(“<*omes n< cessary to solve the i)roblem of how to ke(*p 
thes(‘ two sojts of blood separate* by modifying an arrangement 
sp< ( lallv adapl('<l for pumping impure blood to the gills, d'o 
use an illustration, it is as if a j)umping .ipparatus m.ide for 
distributing cold water w(‘re to be also connected with a warm 
watcT supply, and one were then calk'd upon to modify the 
apparatus so as to keejj the two kinds of wsiter as distinct as 
possible. The problem is only p.iriially solvcxl in the .Salamander, 
for the separation of the two kinds of blood is incomplcTe, the 
result being that some of the blood distributed by the heart is 
lmj)urc*, s<jme j)uiv;, aiwl the rest mixed. Just as if, in modifying 
the suj>|)osed |)umping app«iratus, vve succeedccl to a ccTtain 
extc'iU, |)art of the vv.irm and cold supplies mixing, however, to 
giv^e tepid water. In such an event the pump would distribute 
three kinds of water as regards temperature, i.e. cold, warm, and 
t(*pid, these coriesponding to the impure, i)ure, and mixed blood 
c»f the .S<ilamandcr. 

It would take tex) much space to fully dc.scribe how the 
circulatory organs of the Salamander are mexlified during the 
change from larva to adult, but some of the leading features 
may be noted. To begin with, the originally single auricle is 
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divided into two, a right half to receive the impure blood and 
,i left to receive the pure, and although these two halves possess 
a common opening into the undivided ventricle, yet the prolonga- 
tion of the party-wall between them into that opening prevents 
the blood from mixing there. Arrived in the cavity of the 
ventricle, which is transversely (‘longated, mixture does not take 
place' so much as would be aiUicij>ated, lor there is a system 
of ingrowths from the ventncul.ir wall which largely prevents 
this, so that the bk'od passed imo the right side of the ventricle 
K mam', imjjun' and that on the* left [lurc, while between tne two 
tomes a /ont' of mixed blood "1 lu' arterial cone to which blood 

froai the vt'ntricle pa^^st's on placc'd tm the right, and when 
the xiiuruk conliatts it rcc(‘i\(s jirst nupKrt, than vn\td 
,ind lastK purt blood, as the result ol the arrangeme nt just de 
stnbed Next, as to the* way m which the four jjairs ot aortic 
au lus ^ from the aitMial cone «ire modmed for their 

new purpose 'rhe first pan, which siipphcd the' first gills art' 
coiucilc'd into id? olid aidus nmning to the he rid, die' second 
rind third which sii])f)li(cl the e onesjiondmg gills unite 

to ioim the doi sa/ aoj'td, .imi suppl) most eif the bod\ C‘\( t pt 
the he id, while the lourth aoitic riuhcs. biancl’ics of which 
lia\ e <ill .ilong supplied the* lungs, eontmiic' to do so having, 
however, enlaiged And it is mteicsting to notice that the f>arts 
ot the^ lourth arelic's which coniuat them with the^sc m front 
lieeome conveitc'd into libious coids thiough which bltiod is 
not able to pass It is fle,ii tiiciefor th.it the' bl xni r(c(‘iveel 
by the' lom must go eithei to the he ael, general l>od), 01 to 
the' lungs Its (ouise lor anv given mciiUiU being in the dire ctieMt 
ol Ic.isL re ^islriiicc' \ovv, when the' v(*nliieie' begins to e ontract. 
forcing out blood vvhieh is (juite impure*, the e',isie*st (.ourse is to 
the* Jungs .ind this impuie* blood takes that 4 oui a <uul llovvs 
to the* lungs lor purilic .ition. As th.it is being .ice e>mplish(*cl 
mi\e‘el bleiod be*gms to flow into the cone, anel by this time the 
(asi(*st course' is thre)ugh the sc'eond and third arches to the 
ge*ne'ra] body, since the fourth art he s have just be cm fille el and 
can trike no meire. Me*anwhilc the* ve*ntriclc has begun to sque'C/c 
out its re*inaining l)looel, which is pu , and the casie i course 
this can t.ikc is through the* first arches to the head. Ca^ntaining 
as it does the brain and highest sense organs, it is important for 
the head te) receive, as in fact it does, the purest blood-supply. 
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Two thin<|s will now h;ive become apparent if the forcj^oinj^ 
description hits been carefully followed: (i) That the aortic arches 
found in higher \TTtcbrates, which always breathe by lunos, point 
to djscen: from ancestors which were acjiiatic and hre.ithed by 
means of jjills j^rowin^ from <^ill -arches between which there 
were <^ill-slits; (2) the Amphibians and Reptiles are, so to speak, 
still <(rapplin<j^ with the problem of adapting a circulatory system 
oriijinally suited for piimpini^ impure blood to gills, to the new 
conditions brought about by the adoption of a terrestrial life. 

Even in crocodiles, 
which by development 
of two ventricles have 
succeeded in pre\ent- 
ing the two sorts of 
blood from mixing in 
the heart itself, have 
not been successful in 
preventing them from 
mixing outside the heart 
(see p. 208). I'hese 
facts become clearer 
still when the develop- 
ment of the high(‘r \’er- 
tebrates is studied, and 
in, say, an embr) chick 
(fig. 15 1 ) gill-arches 
and clefts are clearly to he seen with their aortic arches, alilu)ugh 
no true traces of actual gills have l>ecn discovered. It may also 
be pointed out that gill -arches arc supported by parts ot the 
internal skeleton in the form of jointed rods which unite with 
unpaired pieces in the floor of the throat, and the “ hyen'd 
apparatus ”, which has been described in various animals, is 
largely made up of bits of this gill-arch skeleton, now turned 
to further uses. The cartilages which support the larynx or 
voice-box of terrestrial Vertebrates are also derived from this 
source, in part at least. These are admirable examples of 
“ change of function ” (p. 1 3). 

The breathing-organs (fig. 1 50) of the adult Salamander have 
already been spoken of in the foregoing, but it may be added 
that the lungs and air-passages agree fairly well with what has 
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l)(*c‘n described for the Sand Lizard (see p. 191). The provision 
for rcMK'Vval of air in the liin^s is, however, different, for there 
is here no incMiis ol alterin’^ the cap*icity of the chest by move- 
ments of ribs and stcTimm. air beiiie m this case' renewed in 
lh(‘ luniks Ijy lh(‘ iipwanl .ind downw.ird mo\em(‘ni of the tloor 
of the mouth-cavit\. Diirmi^ this process the moiilli is kept 
sluit, ai** passine[ from and to the e\tc rior ihroui^h th(‘ nose, 
\\ln\li opiMis externally by \4dvLil.1r nostrils and mtcrnally by 
small a[)ertiires (m th(‘ roof oi the month 

I'he S.iLimander. too. is not alt(.)i;ether dependf^U on the 
hini^s for th(‘ |)ijriliCtition of its blood, tis the moist skin also 
s r\es as an accessory i)r(“alln‘n^-ortian. the blood which it purifies 
cntc-rint; the t^rtsit \eins which poui imj)iire blood into the sinus 
\enosiis. d his blood is therefore less imj)ure th.in would otherwise 
be the cas(‘ 

d'he (fi^ 150) is much lik(‘ that of the Sand Li/ard, 

but is of lower type, it beinjL; especially noticeable that both 
(erebral lK*misj)heres and cerebellum are smaller in proportion. 
As r(‘!4ards tli(‘ chief 6 c'f/.se the eyc' is not provided with 

a tliird evtlid, and its crystalline lens is spheroid.il instead of 
beini^ biconvex as in .inimals blotter adapted for a terrestrial 
life* The e.ir on each side consists essentially of a membranous 
l.ibyrinth not unlike th.it touncl in a Li/ard (see p. 203). There 
are, however, no special .irrangements, for conducting sound- 
Wrives. d'his, however, is not .1 feature which characterize.s all 
Am|)hibia, the froe, for example, haviai^ a tympanic cavity and 
t\ mpanie membraiux and a sm.ill rod, the columella or ear-bone, 
running; from that membrane to the part of the skull in w'hich 
the membranous labyrinth is lodged. 

The Amphibia now livincr arc divided into three orders-- 
I. Lrodel.i, or Failed Amphibia; 2. Anur<i, or Tailless Amphibia; 
.ind 3. C'lymnophiona, or Limbless Amphibia. 

Order 1. -Tailld Amthibians (Lrodcla) 

Salamanders, Newts, and allied ft>rms are here included 
(fii;. 152). rhe Spotted SalainaiK» ’• {Salamandra maculosd), 
just described, is a good example of the Urodcla. Its relative, 
the Black Salamander {S. atra), is a smaller Alpine form, and 
other allied species inhabit the Peninsula and the Caucasus, 
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A^etv/s or /://s differ from Salamanders profR^r in the possession 
of a tail flattened from side to side and used a*- a swimminir 
<3rgan. Running round the margin of the tail is a hn like 
Lxpan-.ion, which, however, is not supported by b..rJ p.irts as 
m a fish. Three kinds are native to Britain, and constitute our 
only representatives of the tailed Amphibia Ol these the 
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commonest is the Siritill Xcwi {In/ofi iicniafii^) whidi is only 
a little more than ^ incht s long 1 h(‘ uppt i suit,i(( «uk1 ^u1( s 
are olive-colourc d with daik spots and sto .iks while tlu paii i 
under side is marktd by a longitudm.il ( r.in^i lolound b.ind 
"I he male has a fin like crest ninnmt> down iht middle iint‘ 
on the upper side of the trunk, and continued mt<i a similar 
fold which margins the tail the colouring and maikmg are not 
quite the same as in the female. Another British species tin 
Crested Newt {^Triton cmiafus), may be more than 5 inches long 
and the crest on the back of the m<ile is much better developed 
The only other species found in this country, and that Ic^S'* fit* 
qucntly, is the Webbed Newt {Mo/ge palmata\ which is not 
more than 3 inches long. There are no s[)ots on the iindei 
surface*, and the hmd-feet of the male are webbed. 
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'rhc lari^cst living Amphibian is the Giant Salamander 
( \Ic<^alo()ah adui:^ iua\imif\) from J.ipan and China which is 
commonl) 3 feet lon^, and is said to attain a still greater si/e 
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It is a cliims) looking creature, with a huge (l.atciicd head, broad 
ludder-likc tail, .ind short, unfinished-looking limbs I he bod) 
1*^ covered with a dark Ic.ithcr) skin, used into numerous warts, 
and exhibiting a thick wavy fold on each side. This creature 
IS a representative of a group of forms known as “ hish Newts 
in which the trunk is long and the limbs weak, while other 





I he Hell-Hend'T, or S.ilani.incler of the Mississij)pi {Crypto- 
draiichns lateralL\ has .i ptiir of ^ill-cl(‘fts, or sometimes oik* 
on the left side onI\. The 1'hree-toed Salamander {Amphiuvia 
means), from the same* ri\er, is eel-like in shape, with very small 
weak limbs, terminating^ in three or it may be only two digits. 
A pair of gill-slits are {)resent. 
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The flesh -coloured Olm {l^rottms am^iiincits) 153) is ;i 

rcmcirkable ecTlike form, about 10 inches loni», which inhabits 
th(* underground lakes and streams of certain caves in l)<ilmatia, 
Carniola, and Carinthia. Both fore- and hind-limbs arc* v(‘r\ 
small, and furnished respectively with three and two dibits. 
Ccjral-coloLired external trills are present as well as two p.iirs of 
i^ill-slits. The c*yc s arc sm.ill and rcjncealed beneath tin* skin. 
Much longer (28 inchc*s) th«in the Olm is the Siren [S/rtJi 
^lUiJ tnia) of the south-csist part of the United States. I he- 
ckirk-colourf'd body is csxtremely cc‘I-like «ind the hind-limbs arc* 
entin*ly absent, while the foiir-tot*d fore*- limbs are \ery small 
b 2 \U‘rnal j^ills and three pairs of j^ill-slits are presc‘nt. 

One of the most intc*restini» U rodelc*s is the M xican Axolotl 
(li!^ i Sd). v\hich in what must be called the adult .strite is ti 
thorouL;h- ''oini^ SakLmandc*r, known as Amblystonia lioruuun. 
and in the lonted Statics, to which the raiv^c* of the animal 
extends, this adult condition is rearhc*d. In the lake surrounding; 
the* city of Mc'xico, how'ever, this is not the case, and the Axolotl 
pc‘i man(‘ntly rc*mains in the larval state, resemblint; an enormous 
nc'wt tadjiolc. Coll slits and external t(ills are present, and et;L;s 
cire laid just as by adults We ha\e here the .istonishint; plu‘no 
menon ol an «inim<d which, so to spe«Lk, is dropping the* *ulult 
siai^c* out of its life* hisiory, the conditions beint; unfavourable 
tor its development W'c* only know this by accident, and the 
precocious tadpoles were, when first desc'ri bed, :hout;iit to be* adult. 
tc'ceuiiiL; the name* of Su'cdon Mc\uanus. There ire doubtless 
otlur still undet<*cted cases of this remarkable phenointnon in the 
animal kmudom. 


()ider 2 lAiiaiss AMriiiiiiANs (Anera) 

While* the* T.iilc*d Amphibia are confined to the Nc^rthern 
Hemisphere, the* bro^s and Toads, which cc'nstitute the t^roup 
of Tailless Am])hibla, arc* cosmoj)olitan. The Grass Froo 
timporaria), which is one of the most familiar Hriiish Vertebrates, 
is a jrood type of one of the most wick b’-distributed families c^f the 
order, and a bric*f description c:)f its more obvious external char- 
acters (fio. 155) will illustrate the difference'^ which distinguish 
animals of the sort from Salamanders and their allies. 

The flattened triangular head, with rounded snout, passes 
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into a short plump body without any intervening neck-region. 
In the adult animal there is absolutely no trace of a tail, though 
this is well-developed in the larval form or tadpole, a fact which 
no doubt points to the descent of Frogs from tailed ancestors. 
'Fhe limbs are much better developed than in the Salamander, 
but the hind-limbs, which serve both as leaping and swimming 




Fig 155 I -i nc«i Ntnjl I? n 
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organs, arc out oF all proportion large as coinjiared with ihe 
fore-limbs. Four digits only are externally visible in the latur, 
there being no apparent trace of a thumb, but the hind-limb 
possesses five well-developed toes, between which a delicate web 
extends, A very curious feature is the {ire^ence of a little horny 
spur, the calcar, on the inner side of the foot, and examinatijn 
of the skeleton shows that this is really an extra digit, though in a 
much-reduced condition. 
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Nostrils and eyes are present closely resembling those of a 
Salamander, but behind either eye may be seen a well-marked 
rounded area corresponding to the tympanic membrane covered 
over by skin. A small rounded cloacal aperture is present at the 
hinder end of the trunk. The skin is soft and moist, exs in 
Amphibians generally, and is entirely devoid of hard parts, with 
the trifling exception of the horny spur on the foot. The upper 
surface is mottled and the under surface pale, and, as in the 
Chameleons, though not quite to the same extent, the animal 
has the power to adjust its colour so as to match the surroundings 
for the time being. A frog which has been kept for some time 
in a dark place becomes almost black in colour, but if the same 
animal is transferred to grass it will gradually assume a greenish 
tint. 

Endoskpleton (fig. 156). The peculiarities of the skull cannot 
l>e entered into here, but as regards the backbone, it may be said 
that the number of vertebrae is reduced to ten, their centra, 
too. being concave in front and convex behind, as in Reptiles. 
The first vertebra is a ring-like atlas, and the last fulfils the 
function of a sacrum, being connected with the hip-girdles 
supporting the hind-limbs. The hinder end of the backbone 
is completed by a bony rod, the urosfyle. No separate ribs 
can be distinguished, but there is reason to believe thac the 
prominent transverse processes which project from the sides 
of the vertebree are partly equivalent to these. It is quite a 
common thing for ribs to fuse with vertebrae, at lea^t in certain 
regions, eg. in the human skeleton short neck-ribs have un- 
doubtedly been soldered, so to speak, with the vertebrae which 
support the neck. 

The sternum is much better developed here than in the 
SakLofiander, and is closely connected with the shoiilcler-c*irdles. 
Thitftf present the typical regions, but it may be noted that the 
precoracoid bar is covered over by a collar-bone or clavicle. The 
skeleton of the rest of the fore-hmb corresponds fairly well with 
the pattern limb (see pp. 196-198), and a vestige of the thumb caii 
be made out. The forearm, however presents a very interesting 
case of fusion, for its two typical bones, the radius and ulna, 
are here closely united together. In the hind-limb a number 
of instructive variations cn the pattern form are to be seen. 
The hip-girdles are quite unlike the corresponding parts in a 
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Fig I 6l— Skeleton of Frof 


A Skeleton from above (■ raduu v ulna ii ilium is, tKchiam r fibin r Ahull * calcar) 


■, Sternum and ilw^uldcr girdle* < Right hip girdle from aide i> Wrixi u F iitent «rii>t 
a. Ankle r Pati^aukle. 
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Salamander. They are very intimately united into a forked 
bone, of which the forwardly-directed prongs are the ilia. The 
bones of the free limb are longer in proportion than in the 
fore-limb, and the bones of the lower leg, tibia and fibula, are 
fused together just like the radius and ulna in the fore -limb. 
Great specialization has taken place in the tarsus, for while 
that part of it next the fused tibia and fibula is lepresented by 
two elongated bones ( = tibiale and fibulare) the rest has dwindled 



1 '^ 


t (.acral Structure of Frog 


away to insignificant vestiges All this is to fit the limb f r 
Its use as a leaping organ, and changes of similar kind are seen 
in certain Mammals which use the hind-limbs in the same way. 
It is another illustration of the close connection which exists 
between form and function, though much space would be required 
to work it out in detail, even had we all the necessary data, which 
d(X*s not appear to be the case. 

Broadly speaking, the digestive organs (fig. 157) agree with 
those of the Salamander except as regards the teeth and tongue 
The teeth arc entirely absent iiom the lower jaw, though thev 
fringe the upper jaw, and occur in two small groups on the roof 
of the mouth. The long forked tong^m has the remarkable 
peculiarity of being attached to the front of the mouth-floor, 
with its tip pointing backwards when not in use. It is an 
insect-catching organ of no mean order of {xrfection, which can 
be whipped out of the mouth with great rapidity and as rapidly 
drawn back, generally carrying with it the desired booty. 

The lirculatory organs are built on the same type as those 
of the S.ilamander (see p. 240), and keep the impure and pure 
blood separate to the same extent, supplying the former to lungs 
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and skin for purification and the latter to the head, while the 
greater part of the body has to put up with mixed blood. There 
are, however, numerous minor differences, one of the most striking 
being the presence of three pairs of aortic arches as against four, 
those corresponding to the third pair in the Salamander having 
disappeared. 

The lungs are similar in nature to those in the Salamander 
(see p. 244), being a pair of bags, the linings of which are raised 
into a honeycombing of ridges. The supply of air of the lungs 
is renewed in the same way, by a pumping action in the mouth- 
cavity, the floor of which is alternately raised and lowered. 

The only points in the nervous system and sense organs which 
need be noticed are the extreme shortness of the spinal cord and 
the presence of a sound-conducting middle ear not unlike that 
present in the Sand Lizard (sec p. 192). 

The life-history of the Frog is extremely interesting. hVom 
the eggs are hatched fish-like limbless tadpoles, in which the 
breathing organs are at first external gills, like those of the 
larval Salamander (see p. 240). After a time, however, thes(' 
l>egin to shrivel and are replaced by the so-callcd infernal ^e^ills, 
consisting of folds on the w'alls of the four pairs of gill-cl(‘fts. 
quite unlike anything found in the Tailed Amphibia but closely 
resembling the gills of some fishes. As these gills develop, a 
fold of skin grows backwards over the gill-slits and unites to 
the body behind them, leaving only a small round hole on the 
left side through which is expelled the water that has bc'en taken 
in at the mouth and passed through the gill-slits. The adult 
form is reached by growth of limbs, accompanied by loss of tail 
and closure of the gill-slits, the lungs iussuming their adult function. 
There is also a change in the nature of the food, for a tadj)ol(* 
is a vegetarian while the adult frog lives on insects and other 
small animals. 

The Gra-ss b'rog has a wide distribution through EurojK* 
and non-tropical Asia, while the family (Ranid^e) to which it 
belongs is represented in all parts of the world except New 
Zealand and Polynesia. The well-known Edible Frog of the 
Continent (Jiana esculentd) is common in the east of England, 
but has most likely been introduced. Much larger species of 
the same family are the Bull Frog {Rana Catesbyana), inhabiting 
the east of North America and attaining a length of over 7 inches. 
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while Guppy’s Frog [Rana Guppyi) from the Solomon Islands 
is nearly a foot long. 

The Common Toad [Bufo vulgaris) is a more sluggish animal 
than the Grass Frog, and better adapted to a terrestrial life 
(fig. 155). Its skin is dull and warty, and prominent neck-glands 
like those of the Salamander are present Teeth are entirely 
absent The range of this species is even wider than that of the 
(jrass Frog, for it is found in North-west Africa as well as in 
Kurope and Asia. 

Another species of toad found in Britain, though less fre- 
quently than the ordinary kind, is the Natterjack {Biifo calami- 
tixta), readily distinguished by a yellow or whitish streak down 
the middle of the back. The family to which both these toads 
belong (Bufonid«e) is almost as widely distributed as the Ranidor, 
but IS absent from Madagascar and rare in the Australian region. 

Th'^re ire thirteen other families of the Tailless Amphibia 
besides those mentioned, but none of them aie so widely distri- 
buted, and some have d very restricted ninge. 

Order 3. — Limblvss AMruiHiANs (Gymnophiona) 

The remarkable modifications which have taken place in the 
bodies of .some Fish-Newts, such as the Siren (see p. 248), are 
carried a step further 
here, for the tropical 
worm-like creatures 
{fig. 1 58) which make 
up the order are en- 
tirely limblesij, tail- 
less, and modified in 
•other ways for a bur- 
rowing life. The 
body of a Caeciliatn is 
•encircled by grooves, 
and in some species 
%mall bony plates are 
imbedded in the skim 
The small mouth is 
provided with sharp backwardly - curved teeth suited for the 
capture of earth-worms, insects, and other small creatures. 1‘he 




CHARACTERS OF VERTEBRATE ANIMALS 


vertebrae exhibit the primitive feature of biconcave centra, and 
small movable ribs are attached to them. There is no sternum, 
and even the limb-girdles are absent As in Snakes, some of 
the internal organs are modified to suit the narrow shape of the 
body, and it may be mentioned in particular that the right lung 
is much larger than the left In regard to the sense organs, it 
may be noticed that the small eyes are hidden under the skin 
and the sound-conducting middle ear is absent The develop- 
ment of an East Indian form {^Epici^ium glutinosnm) has been 
studied, and presents some curious points. When the embryo 
is hatched it possesses three pair of external gills, a pair of gill- 
slits, a short tail, and traces of hind-limbs. Immediately hatching 
takes place, however, these gills are lost; but in spite of this the 
lar\’a takes to the water and lives there for sonie time. 
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Ruttcrfl'c:* and Moths tog_ther cons*^!tnie the order of Scile- 
wiuged Insects {LepuiopUrt* ^ m which the foui v mgs are opaque 
and coloured, owing to the picscii c of minute dust like scaits 
Typical Butterflies a^’e diurnal in h ibit, their antenme aic club- 
shaped, and they bring the wings together aoove the back when 
the> stliU Those hgured are among the most attractive of 
tropical and British specus, belonging to the Fntillaries n 4' and 
Swallow-tails (5, 6) 

1 Giant Blue ( Mofpho t\p>is) 1 

_ , , „ f ,, . , Tropical America 

2 Resplendent Ptolemy 1 / ntopfo/tmus) ) 

3. Purple Empeior i^ipa/ura oakwood-. in the southern 

English counties 

4. Peacock Butterfly (Vanessa /a\ Europe ^.including Britain; 

and N Asia to Japan 

5. Common Swallow tail \Paptlio ranges from Britain 

to the Ilim.ilayas 

6. Impcnal Swallow-tail (I tnopaipus i/npcn ths)^ male; in the 

female each Innd-wing has two tails Sikkim. 


13 




Pnr filr I nii>tior I 

t InijH 1 1 \1 S\\ 


I Glint Blue 


2 Utspkndenl Plolenn 

( onimon Swallow t iil 


Piacock Buiuifly 


CONTENTS 


CHAPTER VI 

STRUCTURE AND CLASSIFICATION OF FISHES (PisCES) AND 
PRIMITIVE VERTEBRATES (Protochordata) 

FISHES (Pisces) 

Page 


Structure and Development of the Spotted Dog-Fish (Scyllium canicula), taken as 

a Type .... 257 

Sub-Class I. Lung-Fishes (Dipnoi) — Ceratodus, Protopterus* Lepidosiren - - 264 

Sub-Class II. Bony Fishes (Teleostomi) ... . . -66 

Order 1.— Ganoids (Ganoidei) - - - . - . 266 

(i) Fringe-tinned Ganoids~(2) Ray-finned Ganoids 
Order 2.— Bony Fishes proper (Teleostei) .... . -69 

Structure of the Common Perch (Perea fluviatilis), taken as a T> pe - - 269 

A, Tcleosts m which the Swim-bladder ^when present) has lost its con- 

nection with the Gullet 

Sub-Order i.~Spine- FINNED Fishes (Acanthopterjgn) - 273 

Sub-Order 2.— Tujt-gilled Fishes (Lophobranchii) - 276 

Sub-Order 3.— Firm-j AWED Fishes (Plectognathi) 277 

Sub-Order 4. — Soft-finned Fishes (Anacanthmi) - 278 

B, Teleosts in which the Swim-bladder retains its connection with the 

Gullet 

Sub-Order 5. — Tube-bladderfd Fishes (Ph)sostomi) 280 

Sub-Class III. Sharks and Rays (Elasmobranchn) 284 

Order i.— Sharks and Dog-Fishes (Selachoidci'^ 284 

Order 2.— SKATES and Rays (Batoidei) - 287 

Sub-Oass IV. Chimeras (Holocephali) ... - 290 

Sub-Class V. Round-Mouths (Cyclosiomaia) - 291 

(1) Lampreys— (2) Hag-Fishes. 


PRIMITIVE VERTEBRATES (Protochordata) 

Essential Characters of the Chordata 292 

Sub- Class 1 . Lancelets (Cephalochorda) 293 

Structure of the Common Lancelot (Amphioxus lanceolatus). 

Sub-Class II. Sea-Squirts or Ascidians (Urochorda or Tunicata) - • - 297 

Structure and Development of a simple Sea- Squirt (Ascidia mentula), taken 

as a Type— Fixed and Free-swimming Ascidian 297 

Sub-Class III. WoRM-LiKE Protochordates (Hemichorda) ... - 300 

Structure of the Acorn-headed Worm (Balauoglossus). 

6 



VI 


CONTENTS 


CHAPTER VII 

BACKBONELESS ANIMALS (INVERTEBR ATA). STRUCTURE AND 
CLASSIFICATION OF NEMERTINES AND MOLLUSCS 

Page 

Distinctive Characters of Higher Invertebrates as compared with Vertebrates - 302 

Mam Groups or Phyla of the Invertebrates 304 

NEMERTINES (Nemfrtea) 

Structure of a Typical Nemcrtine 305 

MOLLUSCS (Mollusc\) 

Structure of the Ormer or Sea-Ear (Haliotis tuberculata), taken as a Type - - 307 

Essential Characters of Molluscs 311 

Class I.— HEAD-FOOTED MOLLUSCS (Cephalopoda) 31 1 

Structure of the Common Cuttle-Fish (Sepia officinalis), taken as .1 Type - - 311 

Sub-Class 1 . Cuttle-Fishes and Ocropi (Dibranchiata) - - - - 3*4 

Sub-Class II. Pearly Nautilus (Tctrabranchiita) - 316 

Class 2. — SNAILS AND SLUGS (Gastropoda) - - - - - * 3*7 

Sub-Class I.— Streptoneura or Fore-oili ld Snaiis (Piosobraiu hi.O - 318 

Order i. — Comb-GILLED Snails (Ctenohranrhia) 318 

Structure of the Penw inkle (LittOfina liitorca) and Purple-Shell (Purpuia 
lapilhis), taken as Types. 

VVhelks, Mitre-Shclls, V^olutes, Olive-Shells, Harp-Shells, Cone-Shells, 
Turret-Shells, Wing-Shells, Helmet-Shells, and Cowries; Heteiopods. 

Order 2 .— Shield-gii LED Snails (Aspidobranchia) 322 

Trochid.e, Ormers, Limpets, 

Sub-Class 2.— Eutiiyneura ♦ - - 324 

Order i.— Hind-gilled Snails (Opisthobranchia) 324 

(i) Tectibranchs (Bubble-Shells, Sea-Hares, Wing-footed Snails or 
Pteropods)~(2) Nudibranchs (Sea-Slugs). 

Order 2 .-^Lung Snaii^ (Pulmonata; 326 

Structure of the Garden Snail f Helix aspersa), taken as a Type - - - 326 

Land Slugs, Fresh- water Pulmonaics. 

Oass 3.— BIV^\LVE MOLLUSCS (Lamellibranchia or Pelecypoda) - 328 

Structure of Fresh-water Mussels (Unio and Anodonta), taken as Types - 328 

(i; Cockles — (2) Gapers — (3) Ra^or-shells — (4) Rock-borers— (5) .Sea Mussels 

(6) Ark-Shells — (7) Scallops— (8) Oysters- (9) Nucula Family - 333 

Class 4.-TUSK-SHELLS (Scaphopoda) 338 

Structure of the Common Tusk-Shell (Dentahum vulgare). 

Class 5.— PROTO-MOLLUSCS (Amphineura) 339 

Mail-Shells (Chitons), Worm-likc forms (Neomenia, Proneomenia, Chieto- 
derma). 

CHAPTER VIII 

STRUCTURE AND CLASSIFICATION OF JOINTED-LIMBED 
ANIMALS (Arthropoda; 


Essential Characters, Subdivisions 


342 



CONTENTS 


vii 


A, Air-breathing Arthropods (Tracheata). 

Page 

Class I.— INSECTS (Insccta) - 343 

Stiucture and Development of the Cockroach (Periplaneta onentahs), taken 

as a Type 343 

Older 1. — Bugs (Hemiptera) - - - . 351 

(1) Homoptera (C icadas, Lantern tlics, Frog Hoppers, Plant-Lice) 

(2) Heteropiera (Land- Bugs, Water Bugs). 

Order 2 .— Fringi - wiNiii'D iNsit is ( Fhysanoptcra) - - - . 355 

Corn T hnps ( I hups cercalium; 

Ordei 3— Furs am> hlE\b (Dipteia) - 355 

Order 4,— MoiHs and BuritRifits (Lepidoptera) - - - 358 

Order 5 -Behii<s (Coleoptera) - - 366 

Order 6 — Mi-mi{R\nf-win(,] D Insicis (Hymenoptera) - - - 369 

Order 7.— Ni r-wiN(,i d Insects (Neuroptcra) 374 

Order 8 — SlRAlGHl-uiNGi D 1 N:»PCIS (Orihoptera) . . . . 380 

Order 9 WlN(.i I ss iNsrcis (Aptera; - - . . > . 384 

Class 2 SPIOER-LIKi: ANIMAL‘S vAnchnida) ... 385 

Structure of a Scorpion, taken as a type - - 385 

Order i :> OKPiONs (Scorpionida_; - - ... 387 

Order 2 Fmsi* Spidi rs (Solpugida) - - - 387 

Order3— hAish Scorpions (Pseudoscorpionid.c) - - - 388 

Order 4 , — W'hip Scorpions (Pcdipalpi) - - . . 389 

Order 5 --H ARVi si Ml N (Phalangidro) - - ... 3^ 

Order 6 — SPlDtRS (Araneid.c) - ... 390 

Order 7. -MnPS (At anna) - .... 3^3 

Order 8 — Tongui Worms (Linguatulida ) - .... 393 

Order 9 Bfar Animal( UI FS ( lardigrada) - .... 3^ 

Class 3 CENTIPEDES AND MILLIPEDES (Myriapoda) .... 394 

, Class 4 PRIMITIVE TRACHEAIES (Prototracheata) 398 

Structure and affinities of Penpatus. 

B, Aquatic Arthropods (Branchiata). 

Class 5 —CRUSTACEANS (Crustacea) 402 

Structure of the Lobster (Homarus vulgaris), taken as a Type - - - - 402 

Suli-Class I Highfr Crust AGFA (Malacostraca) 410 

Order 1 Si Ai K EYED Crustacfa (Thoracostraca) 410 

(i) Ten legged Ciustacea (Decapoda) (J.obsters, Prawns, Shi imps, Cray- 
fishes, Heimit-Crabs, Crabs) — (2) Opossum-Shrimps (Schizopoda) — 

(3) Locust Shrimps (Stomatopoda) — (4) Cumacea. 

Order 2 — Sfssiii iyfd Crustacfa (Arthrostraca) 414 

(i) Amphipods(Sand Hoppers, Whale Licc Skeleton Shnmps)— (2) Uopods 
(Slaters, Wood Lice) 

Order 3. — INIFRMFDIAIF Crustacfa (Leptostraca) — Mud-Shnmps - - 416 

Sub- Class II Lower Crustacea (Entomostraca) 416 



viii CONTENTS 

Page 

Order i. — Barnacles (Cirripedia) 417 

Order 2. — Bivalve Crustacea (Ostracoda) — Mussel'Shrimps > * 419 

Order 3.— Fork- FOOTED Crustacea (Copepoda) ... - - 420 

Order 4.— Leaf- footed Crustacea (Phyllopoda) - 421 

Qass 6.—KING-CRABS (Xiphosura) - - - - 422 

Structure of the King-Crab (Limulus). 

Class 7. — SEA-SPIDERS (Pycnogonida) - 424 


CHAPTER IX 

STRUCTURE AND CLASSIFICATION OF SEGMENTED WORMS, 
SIPHON-WORMS, WHEEL -ANIMALCULES, MOSS- POLYPES, 


AND LAMP-SHELLS 

SEGMENTED WORMS (Annelida) 

Class I.— BRISTLE- WORMS (Chaetopoda) 425 

Structure of the Sea- Centipede (Nereis), taken as a Type - 425 

Order i.— Many-bristled Worms (Polych.rta) . - - - 429 

Order 2.— Few-bristlfd Worms (Oligochseta) — River- Worms, Earth-Worms 430 
Order 3.— Simple Segmented Worms (Archiannelida)— Dmophilus, Poiy- 

gordius 43* 

Class 2.— LEECHES (Discophora) 432 

SIPHON-WORMS (Gephyrea) 

Bristle-Tail (Echiurus), Siphon-Worm (Sipunculus) - - - - 433 

WHEEL-ANIMALCULES (Rotifera) 

Structure of the Rose-coloured Rotifer (Philodina roseola) 434 

MOSS-POLYPES AND LAMP-SHELLS (Molluscoida) 

Class 1. — MOSS-POLYPES (Polyzoa or Bryozoa) 43^ 

Sea-Mat (Flustra), Lace-Coralline (Membranipora), Plume Coralline (Pluma- 
tella), Lophopus. 

Class 2.— LAMP-SHELLS (Brachiopoda) 438 

Structure of a typical Lamp-Shell (Waldheimia). 


CHAPTER X 

STRUCTURE AND CLASSIFICATION OF FLAT-WORMS (PlatyhelMIA) 
AND THREAD-WORMS (Nemathelmia) 

FLAT-WORMS (Platyhelmia) 


Class I.— Tape- Worms (Ccstoda) 44* 

Class 2 . — Flukes (Trematoda) .... 443 

Clast 3.— Planarian Worms (Turbellaria) 445 



CONTENTS 


IX 


THREAD-WORMS (Nemathelmia) 

Structure of a Round-Worm (Ascaris). Vinegar-Eel (Anguillula), Gordian- 
Worm (Gordius), Thorn-headed Worm (Echinorhynchus) . - - . 


Page 

447 


CHAPTER XI 

STRUCTURE AND CLASSIFICATION OF ECHINODERMS 
(Echinodermata) 


Structure of the Common Star-Fish (Uraster rubens) 450 

Class I. — Star-Fishes (Asteroidea) 454 

Class 2. — Brittle-Stars (Ophiuroidea) 455 

Class 3. — Sea-Urchins (Echinoidea) - - 456 

** Class 4.~Sea-Lilies and Feather-Stars (Cnnoidea) 459 

Class 5.— Sea-Cucumbers (Holothuroidea) - 462 


CHAPTER XII 

STRUCTURE AND CLASSIFICATION OF ZOOPHYTES (Ccelenterata), 
SPONGES tPoRiFERA), AND ANIMALCULES (Protozoa) 

ZOOPHYTES (Oelenferata) 


Structure and Development of the Fresh-water Polype (Hydra), taken as a 

Type. Comparison with higher forms. Cells and tissues - - - - 465 

Class I. — SEA-FLOWERS (Aciinozoa or Anthozoa) 473 

Structure of the beadlet (Actinia mesembiyanthemum), taken as a Type - 473 

Order i.— Six-rayed Sea-Flowers (Hexactinia) 474 

(i) Sea-Anemones — (2) Corals. 

Order 2.— Eight-rayed Sfa Flowers (Octactinia) 476 

Structure of the Dead- Man’s Fingers (Alcyonium digitatum), taken as a 
Type. Organ-Pipe Coral (Tubipora musira), Red Coial .Corallium 
rubrum), Sea-Pens and Sea- Mats. 

Class 2.— HYDROIDS (Hydrozoa) 478 

Structure and Development of Obelia, taken as a Type 478 

Order i.— Budding Hydroids (Hydromedusae) 480 

(i) Hydroid Zoophytes and “ Naked-eyed” Medusae -(2) Compound Jelly- 
Fish (Siphonophora). 

Order 2.— Splitting Hydroids (Scyphomedusae) 481 

Class 3. -COMB JELLY-FISH (Ctenophora) ------- 483 

Structure of Cydippe. Venus's Girdle, Beroe, Creeping Ctenophores. 

SPONGES (Porifera) 

StriKture of a Simple Sponge 484 

(I) Calcareous Sponges— (2) Siliceous Sponges. 


, ANIMALCULES (Protozoa) 

Protoplasm. Description of the Proteus Animalcule (Amoeba), taken as a 

Type. Comparison of Protozoa and higher forms (Metazoa) - - - 484 



X 


CONTENTS 


Group I —Infusorians (Infusoria) - 

Structure of Slipper Animalcule (Paiamtjecium) and Bell Animalcule (Vorticclla^ 
(i) Ciliatcs— (2) Flagellates. 

Group 2 — Am(eba-like Protozoa (Rhizopo<la) - - . . 

^^0 Shell-bearing Ama*bai- ^ 2 ) foraininifua g' Vnimalt ult*, (^Helio/oa 
(4) Ray Animalcules (Radiolana) - ^^5) Mvccio/oa 
Group 3 “Grfgarines (Sporozoa) ... 

Structure and Development of the Cockroach (jrreganne (Llcpsidrtna blatiaium} 


Pagle 

492 


495 

498 



LIST OF ILLUSTRATIONS 


PLATES 


Butterflies {Rhapalocera). 

From a Dnwing by A. Fairfax Muckley Frontispiece, 

Wrasses {Ladnda). 

From a Drawing by A* Fairfax Mucklcy 276 

Echinoderms (EcAinodermata). 

From a Drawing by A. Fair&x Mnckley 454 


ILLUSTRATIONS 


Page 


Skeleton of Dog-Foh {Seylhum canuula) • 259 
Slde-ditsection of DoE*Fish {Scylltum) • 262 
Dipnoi (tfter Gunther and Miall) • • 265 

Ganoids (after Agaisu, Gunther, Goode, 

and Dean) 267 

Side-dusection of Perch {Ftrca jluviatilis) 270 
Sea-Hone [H%ppocampmi\ • * 277 

Group of Fishes 281 

Group of Frbsh-watrr Fishes - • 383 

Dog-Fish and Sharks (after Couch) • • 285 

Monk-Fish and Rays (mostly after Couch) 289 
Qiinueroids (after Gannan, Goode, and 

Bean) 290 

Lanpem {Peirvmyum JtuvuUilu) - 291 

Laac^ [Amphtojcus) (after Boveri) • 394 

Two simple Ascidiaos - 296 

Structure of a nmple Asodian • * 297 

Appendicolana (modiSed after Herdmaii) • 299 

B^ryllns 

Acom hmded Worn (Sa/amjfilejstu) - 301 

Diagrams of Vertebrate and Invertebrate - 303 
Stricture of a Nemerdne (diagrammatic) • 306 
Structure of Haliotia (partly after Haller) • 309 
The CutUe-Fiah (S^ - 3*2 

Spirula 3*5 

Pearly Nautilus (Nautilus pomptKm) • 316 

Diagram ofaComb-gilled Snail (after Lang) 319 
Whelk (^awMMmn) 3*1 


Pag* 


Olive (Oliva) • 321 

Strombus - . 323 

Cowry (Cypraa) - 322 

Bubble Shell (Bulla) • - . 324 

Diagram of a Tectibrancb Snail (after Luog) 325 

Eolis 326 

Structu.e of a Garden Snail (Helix ajpersa) 327 
Shells of Fresh water Mussel (C/nu) 339 

Structure of Fresh water Mussel (Anedonfa) 329 
inside of Right Valve of a Smupalliate 

Shell 334 

Sand Gaper (JIfya arniana) - 335 

Razor Shell (Salem) 335 

Piddotks (PMas dactylus) In their burrows 336 
Sea Mussel (Myttlus) (after Moebius) • 337 
Pilgnm Scallop (Pecten Jarobetus) • 337 

Tusk-Shell (ZVmto/wM) . ■ . 339 

Proto - molluscs (partly after Lang and 

Perrier) 340 

External (Tharacten of Cockroach (/Vn- 
plamAa) (after Hatschek and Con) • • 344 

Structure of Cockroach (Fenplaneta on- 
enialu) (after Hatschek and Con) • • 347 

A typical Bug (CVi/ntfr) • 352 

Cicada (after FiM:kard) ... 353 

Aphis (Aphis irasstca) (fsom Curtb) 353 

Com Ibnps ( 7 'in!^) (from Curtu) • • 355 

Structure of Flies (Diptera) - • 356 



LIST OF ILLUSTRATIONS 


I 


Common Gnat (Ctt/iTJr/f/itfMj) < - 356 

Larva of Common Gnat {Cu/eje piptew] - 357 
Scales from Wings of various Butterflies • 359 
Heads and Proboscides of Butterflies • 359 
Great Tort<^'shen Butterfly ( Vanessa) > 361 
Cabbage Moth (Mamestra) (from Curtis) • 364 

Adult Stage of a Clothes- Moth • • - 365 

Larvae of a Clothes-Molh - - - - 365 

Lady- Birds {Caeciw/Ia) (from Curtis) 366 

Flea- Beetle {Haltica) (from Curtis) • - 366 


Green Tiger Beetle {Ckindeh campestru) - 367 
Great Water Beetle {Dytiseus margtnalts)- 368 
Devil’s Coach Horse {Ocypus) (from Curtis) 368 
Rose Chafer {Ce/onta aura/a) (from Curtis) 369 
Corn- Weevil (from Curtis) • - - 369 

Structure of Hymenoptera - 370 j 

Turnip Saw-Fly {.^/Aa/ta) (from Curtis) - 371 ' 
Wood Wasp ^^Af) * 37i i 

Ichneumon-Fly {Hentiteles) (from Curtis) - 373 1 
Humble Bees (from Curtis) - - 374 I 

Net- Winged Insects {Nenroptera) - - 375 I 

Golden-Eyed Fly {Chrysopa) (from Curtis) 378 
Common Earwig [Forjiaila auncularia) - 380 
“ Locust ” {Amdium peregrinnm) - - 382 

Mole-Cricket (from Curtis) - 383 i 

Aptera, magnified 384 

Scorpion (after Blanchard and Milne- 

Edwards) 385 

Common False Spider (GaUodes arantoides) 388 
"^ooVScoiyskm {Ckelifer caturouies) ' • 389 

A Whip Scorpion {Phtynus) - - 389 

A Hanestman {Phalan^ium) (after Cuvier) 390 
Garden Spider {Epeira diadema) and Web 391 
Cheese- Mite ( Tyrogtyphus stro) - 393 

Pentastomum (after L^ckort) - - 393 

A Bear- Animalcule (after Greeff) - 394 

British Centipedes (from Curtis) • - 394 

Structure of Centipede (after Vogt and 

Yung) 395 

British Millipedes (from Curtis) - - 396 

Cape Peripatus (after Balfour) • - 399 

Structure of Peripatus (after Balfour) - 400 
Appendages of Lobster {Hotnarus vulgaris) 405 
Dissection of Lolister {Homarus vulgaris) • 407 
Mediterranean Crustacea - -411 

Rocic-Lobsier {Palinurus vulgaris) • -412 

A Hermit-Crab {Pagurus) (after Bell) • 41 2 
Opossum-Shrimp {Mysis) (after Gerstaecker) 413 

Cenna (after Sars) 414 

Amphipods (after Mayer and Lutken) - 415 
liopods (after Stehbing and Shipley) - 415 
Nebolia (after Milne- Edwards) • 416 


Page 


A N'auplius Larva 417 

Ship- Iter nacles {Ltpas) (after Schmorda) - 418 
Small Fresh -water Crustacea (after Claus, 

R. Hertwig, and Zenker) - 419 

Apus (after Leunis- Ludwig) - - - 421 

King-Crab ( Limulus) (partly after Leuckart) 423 
Shore Pycnogon {Pycnogonum littorale) 

(after Milne-Edwards) - . - - 424 

A Sea-Centipede {Nereis) (after Gosse) - 426 
Structure of Sea-Centipede {Neieis) (after , 
Ehlers and R. Leuckart) - • 427 

Laigwonn {Arentcola ptscalontm) • 430 

Gephyrea (partly after GreeflF) - - 433 

Rotifer [Pktlodina) (after Hudson and Gosse) 434 

Pol>roa 437 

Polytoa, enlarged (after Kraepelin and Boas) 437 
I jtmp-Shell ( IValdheimia) (after Boas and 
Davidson) - .... 439 

Tape-W’orm ( Tirnia solittm) (after I.cuckart) 442 
livei -Fluke [Fasdola) (after Sommer) • 443 
Planaria lactea (after O. Schmidt) - 445 

Leptoplana tremellaris .... 446 
Round- Worm {Ascaris) (after Leuckart) - 448 
Common Star- Fish ( Uraster rttbens) • -451 

Common Star- Fish rfr^^wr)- - 453 

Brittle Stcr (after Wyville Thomson) - 455 
Edible Sea-Urchin {Eihinus esadenlus) 
(partly after Hamann) . . - • 456 

Threc-jawed Pcdicellari® of Sea-Urchins - 458 
Sea-Lily (/Vrt/arn'wwf) (after J. MuUjy) - 460 
Feather-Star {Ccma/ula)^ climbing - - 460 

Stages in Development of Feather -Star 
{Comatula) (after Wyville Thomson) • 461 
A Sea-Cucumber {Cuenmaria) - - 462 

Green Hydra {Hydra viridis) - - 465 

Structure of Hydra (partly after Jickeli) • 468 
Epithelium (after Hatschek) • - - 470 

Development of Hydra (after Brauer) - 472 

Sea-Anemone 474 

Skeletons of Arabian Corals (after Haeckel) 475 
Dead -Man’s Fingers {Alcyonium) (after 
Cuvier and Homell) .... 477 
A Hydroid Zoophyte {Obeha) (after Homell) 479 
A Compound Jelly-Fish {Sarsia) - 481 

Development of Aurelia . ■ . - 482 

Lucemaria 482 

Cydippe (after Chun) .... 483 

Sponge Spicules 485 

Bath-Sponge {Euspongia) ■ 486 

Group of Calcareous Sponges • - 487 

Protozoa (after various authors) - 489 

Protomyxa (after Haeckel) ‘497 



CHAPTER VI 


STRUCTURE AND CLASSIFICATION OF FISHES AND 
PRIMITIVE VERTEBRATES 


The 7300 odd species of existing fishes known to science 
are divided into the following five sub-classes: — 

I. Lung-Fishes (Dipnoi). 

II. Bony Fishes (Teleostomi). 

III. Sharks and Rays (Elasinobranchii). 

IV. Chimacras (Holoccphali). 

V. Round- Mouths (Cyclostomata). 

Probably the best idea of the general structure of the group 
will be obtained by briefly describing such a common example 
of the Shark kind (Elasmobranchs) as the Spotted Dog-Fish 
{Scyllium caniiula), abundant on our shores, especially during 
the herring .season. It may to all intents and purposes be 
regarded as a small shark. 

External C/iaj'acfers (fig. 166). — The spindle-shaped body is 
well suited for progre.ssion through the water, and its outline is con- 
tinuous, there being no sharp boundary between head and trunk, 
or trunk and tail. We have seen that in tadpoles and some adult 
Amphibia (see p. 246) there is a membranous fringe bordering 
the tail above and below and running forwards or the upper side 
of the trunk. Such a longitudinal fringe running in the middle 
line is known as an unpaired fin, and is especially characteristic 
of L'ishes, where, however, it is not a mere soft membrane as in 
Amphibia, but is supported by firm rod-like structures, the fin- 
rays. We find that in the Dog-Fish, as in most fishes, this 
membrane is not continuous, but is represented by a number of 
separate pieces, each of which is named with reference to its 
position. Here, for example, there is a caudal fin bordering the 
tail, two dorsal fins in front of this above, and an anal or ventral 
fin in front of it on the under side. Special attention may be called 

(38) >57 17 
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to the tail-fin, which is unsymmetrical, consisting of a large upper 
lobe into which the slender end of the body is continued, and a 
smaller lower lobe. Such unequal or heterocercal (Gk. hctcros, 
diverse; kerkos, tail) tails are shown by reference to fossil forms 
to be of very ancient type. There is good reason to believe that 
remote fish-ancestors had a continuous unpaired fin, of which the 
existing ones are fragments which have been retained and 
enlarged to suit special purposes. The Dog-Fish, however, also 
possesses paired JinSy consisting of two large pectorals in front 
and two smaller pelvics placed close together farther back. Thei»e 
are the equivalents of the fore- and hind-limbs of the terrestrial 
vertebrates so far described, but differ in important respects in 
accordance with differences in use. The limbs of a Salamander, 
for instance, have to support the weight of the body and are the 
means of progression. The presence of digits is of obvious 
advantage as regards the former, while locomotion wouM be 
difficult and awkward were the limbs not transversely divided 
into regions capable of being moved upon one another. But the 
limbs of an ordinary fish do not support the body, and their chief 
use seems to be that of steadying it in the water and directing 
its movements. For these purposes the undivided paddlc-like 
shape which we associate with the paired fins of a fish appears 
best adapted. 

The large curved mouth is situated on the under side of the 
head, and not far in front of it are the rounded nostrils, each of 
which is connected by a groove with the corresponding corner 
of the mouth. Far back on the under surface of the body, and 
marking the junction of trunk and tail, is a rounded cloacal 
aperture situated between the pelvic fins. On each side of this 
opening is a small aperture known as an abdoniifial pore, of 
unknown use, but commonly found in more than one group of 
fishes. The oblique cat-like eyes are provided with imperfectly 
movable upper and lower eyelids. A tadpole, it will be remem- 
bered, has four gill-slits on each side of the throat, the cavity 
of which is thus placed in communication with the exterior. Here 
there are five gi/l-slits, and also a superseded gill-slit known as 
the spiracular cleft and opening behind the eye by a small round 
hole, the spiracle. 

The skin is of a brownish hue, much darker above than 
below, and marked with good-sized roundish spots. Projecting 
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from the surface are the sharp points of innumerable small hard 
structures, closely resembling teeth in structure and usually known 
as placoid scales. The presence of these causes a peculiar rough- 
ness suggestive of sand - paper. Numerous sense organs are 
present in the skin, some of which will be alluded to farther on. 

The first point of general interest to note with regard to 
the internal skeleton (fig. 159) is that it is entirely made up of 





Fig 159 —Skeleton of Dog Fish {Scytlium cat tcuta) 

A, Skull and part of vertebral column B End view of a caudal veriebn, and longitudinal section through centra of 
two veitebne c. Pectoral An (from below) d. Pelvic Bn (from below) 

cartilage and fibrous tissue, as generally in what are called 
‘‘ cartilaginous fishes ”, while in ordinary “ bony fishes ”, including 
all the common edible forms, a great deal of bone is present as 
well as more or less cartilage. 

The skull is extremely simple compared with that of the 
higher animals so far considered, and consists of a brain-case 
to which are attached protective capsules for nose and internal 
ear, the framework of the jaws, and what is known as the 



26 o 


CHARACTERS OF VERTEBRATE ANIMALS 


“ visceral skeleton Regarding the last two a little more may 
be sivid, as they have much to do with the visceral arches and 
clefts which are so characteristic of Vertebrates, and have been 
so often alluded to in the foregoing pages (see pp. 62 and 242). 

Examination of a young embryo of the Dog-Fish will show 
that on each side of the head there are seven oblique bar-like 
thickenings and six slits occupying the interspaces between them. 
These are respectively termed visceral arches and clefts, the 
hindermost five having the special name of gill arches and clefts 
because the gills are developed in connection with them. The 
first arch is the mandibular arch and the second the hyoid arch, 
while the slit between them is naturally called the hyo-niandibular 
cleft and is no other than the spiracular cleft of the adult. These 
various arches are traversed and supported by firm jointed rods 
forming part of the internal skeleton. The mandibular arch is 
so called because it becomes the mandible or lower jaw, while 
the upper jaw is a forward outgrowth from it. The skeleton of 
the rest of the arches constitutes the visceral skeleton, 
stiffens the gill region and prevents the gill-slits from becoming 
closed, giving also firm points of attachment to many muscles. 
A special function is performed by” the upper joint of the skeleton 
of the second or hyoid arch, this being a stout piece of cartilage 
(hyom'andibular cartilage) which slings the jaws to the main 
skull. In Vertebrates higher than Fishes this cartilage loses its 
original function, for the jaws are directly attached to the skull, 
and most probably some or all of the little ear-bones, which help 
to conduct sound-wa\'es across the drum of the ear in slich 
higher Vertebrates, correspond to this cartilage. This is one of 
the best examples known of a change of function. The rest of 
the visceral skeleton, here so important in connection with the 
gill-clefts, dwindles ii air-breathing Vertebrates to the “hyoid 
apparatus'*, whUh has been so often mentioned (see pp. 29, 193, 
and 239) as supportii the v of the tongue in these forms, 
and to the cartilages ijrh support the voice-box or larynx. In 
the life-history of th^ fiog the f)ass;ige from a well-developed 
visceral skeleton in the gill bearing tadpole to such remnants in 
the adult lung-possessing animal can 1>e traced step by step. 

In the vertebral column it »s only possible to distinguish 
between trunk-vertebxae and tail-vertebrae, and all these possess 
biconcave centra, which may be regarded as the most primitive 
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kind. Short ribs can be distinguished in the trunk, but there is 
no trace of any sternum. 

The skeleton of the paired Jins exhibits nia^ y differences 
from the supporting parts of the limbs of terrestrial Vertebrates, 
and comparison between the two is extremely difficult. In the 
pectoral fin there is a very simple shoulder-girdle, consisting of 
a curved piece of cartilage running transversely and fusing with 
its fellow in the middle line belo>v. At the base of the free part 
of the fin are three cartilages, followed by a number of others, 
and these again by jointed Jin-rays. In the pelvic fins the two 
hip-a^irdlcs «ire represented by a simple transverse bar, while the 
free fin is supported by a stout rod bearing a large number of 
fin rays. 

Diocstivi Organs (fig. 160) — The jaws are bordered by 
numerous r^ws of small pointed tccth, all much alike, and 
replaced by fresh ones during life as often a^ necessitated by 
we^ar and tear. Th(‘sc teeth are not suited for chewing, but 
for sci/mg such prev as small fish, crustaceans, &c , and after- 
wards preventing th(*ir escape. Around the margins of the 
mouth we find all gradations between ordinary placoid scales 
and teeth, which is intelligible when we recollect that the cavity 
of the mouth is developed as a pit on the surface of the body. 
The lining of such a pit, or inpushing of the general surface, 
so to speak, is evidently equivalent to skin, and teeth here and 
elsewhere are simply more or less modified scales, developed 
within the margins of the mouth. The tongue is merely an 
immobile fold on the floor of the mouth The nasal organs do 
not possess internal nostrils as in the lunged vertebrates. The 
cavity of the mouth passes behind into a wide pharynx, out of 
which the spiracular cleft and gill-clcfts open; and then follow 
gullet, U-shaped stomach, and intestine opening into a cloaca. 
There is no clear distinction, as in forms so far considered, 
between small and large intestine. Within this intestinal part 
of the gut is a so-called spiral valve, which is simply a pro- 
jecting shelf winding round and round and presenting a large 
surface for the absorption of digested foe ^ A large liver pours 
bile into the beginning of the intestine, and there is also a pancreas 
opening not far from it. 

Circulatory Organs (fig. 160). — Here we have the same 
conditions as in the Tadpole before the lungs begin to be of 
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use, and the conditions are consetjucntly comparatively simple, 
the problem of separating two kinds of blood not having yet 
arisen. The heart consists of a thin-walled venous sinus, which 
receives the impure blood of the body and passes it on to a 
single auricle, by which it is squetved into a thick-walled 
ventricle, continued again into a muscular tube, the arterial 
cone. Valves to prevent the blood from running back the 
wrong way arr- placed at the points of junction between sinus, 



auricle, and ventricle, and several verse rows of valves are 
present in the arterial cone. From ihe veiitral aorta, which 
runs forward from the cone, five pairs of afferent gill-arteries 
run out and carry impure blood to the gills, from which five 
pairs of efferent gill-arteries conduct the purified blood, uniting 
above to form the dorsal aorta that runs back to the encl of 
the tail, giving off numerous vessels by which the Vitrious orgairt 
and regions receive their pure blood -supply. Kach afferent 
artery, with its corresponding efferent one, may be looked upon 
as constituting an aortic arch (see p. 242). 

Breathing-organs (fig. 160). — Upon the walk of the five 
pairs of gill-slits, or pouches, to speak more correctly, numerous 
closely-set gill-folds are placed, and in these folds there are 
very numerous capillary blood-vessels, with which the gill- 
aiteries are in communication. Water is constantly taken in 
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at the mouth, and, passing back, streams outwards through the 
gill -pouches — thus passing over these folds, which collectively 
present a large surface over which the oxygen dissolved in the 
water can diffuse into the blood, while the waste carbon dioxide 
of the blood can diffuse outward into the water aiicl be carried 
away to the exterior. 

In this connection great interest attaches to the spiracular 
cleft, which looks very much like a narrow gill -pouch, and on 
close examination is seen have a number of small folds on its 
front wall. These are so gill-like that they have been collectively 
called a false gill (pseudobranrh), and when it is added that some 
few fishes possess a properly-developed set of gill-folds in this 
place, it will be clearly seen that the spiracular cleft is really a 
gill -cleft which is losing its function. There is t very reason 
to believe that the cavity of the middle e^Jr in higher Verte- 
brates, together with the liustacliian tube, is eljui^alent to the 
spiracular cleft. Here, then, is a structure which once had to 
do with breathing and is now roncernt'd with sound conduction — 
another excellent example of change of function. 

Nei'VOHS System and Sense Organs (fig. iCo).--Tlie brain is 
pretty well developed, a peculiar featur ‘ being that the two 
cerebral hemispheres arc repn^^ented by an unpaired swelling, 
while the olfactory lobes are ffiaced on stalks. The cerebellum 
is much larger than in Amphibia. 

The eyeball is flattened on the outside and its crj^stalline 
lens is approximately spherical, as in aquatic animals generally. 
Probably everyone has noticed, some time or other, the lens in 
the eye of a cooked bony fish, such as salmon or herring, 

looking, as it does, like a sugar-coated pill. Needless to say, 

the opacity js the result of cooking. Here, too, the lens is 

spheroidal. The organs of hcarino consist simply of the internal 
ear ur membranous labyrinth, contained in a gristly capsule on 
either sld^ of the back end of the brain-case. In shape the 
labyrinth is somewhat simpler than in the Amphibia, The skin 
contains a large number of sense-organs, some of which are 
sunk in a tube which runs along each side of the body and 
opens to the exterior at intervals. \n external streak, the 
lateral line, marks the position of either tube, but this is much 

better seen in a bony fish than in the Dog-Fish. There are 

also peculiar jelly-tubes which open by regularly arranged pores 



264 


CHARACTFRS OF VERTEBRATE ANIMALS 


on the under side of the head, and undoubtedly have to do with 
sensation. Lillie is known of the use of these organs, but they 
no doubt respond to certain vibrations in the surrounding water. 
It is important to avoid the common error, made when dealing 
with the sense organs and sensations of lower animals, of trying 
to explain them by reference to oiirseh es. 

Dcvclopnicnl, - ~\\\c Dog-Fish is developed from an egg, which 
looks almost like the “yolk ” of a fair-si/ed birds egg were it not 
for its greenish tint. This egg is enclosed in a horny “ purse 
the corners of which are drawn out into tendril-like threads which 
curl round sea-w'eeds and other firm objects. 

We may now proceed to the consideration of the chief groups 
of Fishes. 


Si-B-cLAss I.— LUNG-FISHES (DirNoi) 

Of all known fishes these come nearest to the Amphibia, and 
some zoologists place them in a class of their own, distinct from 
that containing more ordinary fishes. They are a very ancient 
group, now represented by only three genera, all of which are 
found in fresh water. They are the Barramunda or Burnett 
Salmon [Ceratodin) from the Burnett and Mary rivers in 
Queensland, the African Lung- Fish (P?'o/op/crusyt native to 
some of the rivers of tropical Africa; and the South American 
Lung- Fish [I,ep 7 dosiren), found in the Amazon and upper part 
of the Paraguay rivers and their tributaries (fig. 16 1). 

There are certain characters common to all three forms. 
Taking first the external characters^ the head is somewhat 
amphibian-like, and has been compared to that of a salamander, 
while the tail tapers considerably and is symmetrically margined 
by a fin which is not expanded into lobes (protocercal or diphy- 
cercal caudal fin). There is no spiracle, but gill-clefts arc present, 
protected by a tlap or gill-cover. The paired fins are much 
elongated, and the body is covered by thin overlapping scales. 

The most characteristic feature of the internal organs is the 
presence of one or two bag-like lungs opening on the under 
side of the pharynx, so that these animals po.sse.ss, like some 
adult Amphibia, both gills and lungs at the .same time, and it 
is from this circumstance that they derive the name of Dipnoi 
(Gk. dis, twice; pnoe, breath). 
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Since the heart receives pure blood from the lung or lungs, 
as well as impure blood from the general body, the problem of 
separating the two kinds demands solution; but this is only 
effected in an imperfect manner, for there is not even, as in 
Amphibia (see p. 240), a complete separation of the two auricles 
which are here present. 

These are the only fishes in which there are internal nostrils 
as well as external ones. They open just within the margin of 




Fig. 161. — Dipnoi 

A, Australian Lung-Fish {Ctrmtadus], Xf b, Afncan Lung-Fish {FrvU/(erms\ 


<he upper lip. The mouth is provided with large dental plates 
of peculiar form. 

Cerafodus is a large broad fish, attaining the length of 4 or 
5 Teet, and with its body covered by very large scales. The 
paired fins are broad and paddle-shaped, and each of them is 
supported by a central axis made up of numerous joints, and of 
a series of fin-rays attached to the axis in front and behind in 
a feather-like way. Protopiems is much more slender in form 
and its paired fins are extremely narrow, the fin-rays on the 
central axis being largely suppressed. Some specimens are said 
to reach a length of 6 feet. There are small external gills as 
well as the gill-folds on the walls of the gill-clefts. Lepidosiren 
is an eel-like form which may be as much as 6 feet long. Its 
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paired fins are even narrower than those of Protopterus, and 
supported only by a central jointed axis. 

Sub-class II.--BONY FISHES (Teleostomi) 

This large group of fishes includes avast number of recent* 
and fossil forms which present such varying characters that it 
is difficult to give a satisfactory definition. There is, however, 
a good deal of bone in the skeleton, and the Jaws, instead of 
being mere bars of gristle, as in a Dog-Fi.'>h, are ensheathed by 
tooth-bearing bones in the same way as in higher forms. The 
gill-clefts are very near together, and the gill-arches between* 
them are comparatively narrow, so that the gill- folds as seen 
in a Dog-Fish are not suppc/rted along the whole of their length, 
but project more or less to the exterior as free gill JilaDicnts. 
The gill-clefts are covered o\er and protected by a (lap, the 
gill-cover or operculum, which is supported by bones. Two 
orders may be distinguished.--!. Ganoids, and 2. Bony b'ishes 
proper or Teleosts. 

Order i.— Ganoids (Cianoidei) 

Under this name are included a number of recent genera, 
widely scatleretl over the globe, and for the most part limited 
to fresh water (fig. 162). They are the last surviving remn.ints 
of groups which were once of great importance, but which hav(‘ 
been unable to compete with more highly -organized fishes, and 
have greatly declined in consequence. Of recent forms the 
two most primitive are the Bichir i^Polyptcrul) ot the Nile and 
some other African rivers, and the Re(‘d-Fish (Calamo/clilliys) 
from the rivers of Old Calabar. The former is a remarkable- 
looking creature of re.s{jectable size, being as much as 4 feet 
long/ Running along the back are a considerable number of 
little dorsal fins, eiich with a strong spine in front, while the 
last of them abuts against the rounded protocercal fin of the 
tail, close to which, on the under side, is an anal fin. The 
paired fins consist of a thickened basal pai t, supported by 
cartilages something like those described for Dog-Fi.sh (see p. 261), 
and fringed by a thinner region supported by radiating fin-rays. 
The body is covered by thick lozenge-shaped bony plates (ganoid 




Fig i6a— Ganoids 
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scales), united firmly by their edges and having a very regular 
arrangement in oblique rows, while the head is covered by paired 
bony plates. 

The Reed-Fish is what a small Bichir might be imagined to 
become if it were pulled out into an eel-like form and lost its 
pelvic fins. 

Both these forms are distinguished as “Fringe-finned” Ganoids 
on account of the structure of the paired fins; while the remaining 
recent Ganoids are “ Ray-finned ”, i.e. the paired fins have lost 
the thickened basal portion and consist of a fan-like expansion 
strengthened by the numerous diverging fin- rays, which may be 
compared to the sticks of the fan. These ray-finned forms includd’ 
the Gar-Pikes, Sturgeons, and Bow-P"ins of the present day. 

The Gar-Pike \Lepidosteui) is common in the fresh waters 
of North America, and may be as much as 6 feet long. Covered 
with firm armour like the Bichir, it differs not only in the structure 
of the paired fins, but also in the presence of a single dorsal only, 
while the head is drawn out into long but powerful jaws. 

Sturgeons are large fishes which have lost more or less of the 
dermal armour, have a much elongated snout, and an unsym- 
metrical tail like that of the Dog-Fish (see p. 258). The mouth 
is on the under side of the body, at the base of the snout. The 
Common Sturgeon {Aci/>enser) includes some twenty species, of 
which the largest, a Russian form, is as much as 30 feet in length. 
It is distinguished by its' broad pointed snout, on the under side 
of which are four sensitive thread-like structures (barbels), and the 
presence of rows of broad keeled plates in the skin. Sturgeons 
of this kind are widely distributed through the fresh waters and 
along the coasts of the Northern Hemisphere. One species 
(Acipenser slurio) is British, and may occasionally be seen in 
fishmongers’ shops. 

The Shovel -nose Sturgeon (Scaphirhynchns), native to the 
Mississippi and the rivers of Central Asia, is of more elongated 
form than the common form, and its dermal armour is more 
complete, especially in the hinder part of the body. 

The two remaining kinds of Sturgeon both have teeth, while 
the sorts so far mentioned are toothless; and they are further 
distinguished by enormous snouts and the complete, or almost 
complete, absence of armour. One, the Slender-teaked Sturgeon 
(Psephurus) of the Yang-tse-Kiang and Hoang-ho rivers has a 
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conical snout, and the other a broad flattened one, as is indicated 
by the name of Paddle-Fish or Spoon-bill Sturgeon {Spatularia). 
It is found in the Mississippi. 

The last remaining recent Ganoid, the Bow- Fin {Amid), 
resembles the ordinary bony fishes in many respects, and was 
Tor long confused with them. Its body is covered by thin over- 
lapping flexible scales. In distribution it corresponds to the 
Gar- Pike. 

One structural feature in which all these Ganoids differ from 
the Dog-Fish is the possession of an elongated air-containing sac, 
the swim -bladder or air-bladder, which opens into the pharynx, 
Usually on the upper side. In the Bichir, however, the air- 
bladder, like the lungs of terrestrial Vertebrates, is paired, and 
opens into the under side of that region. The original use of 
the swim-bladder is apparently that of a balancing organ, but 
in some Ganoids (Bichir, Gar-Pike, Bow- Fin) it assists in 
breathing, .i.nd in the Dipnoi has been converted into a lung. 
It is highly probable that the lungs of the higher Vertebrates 
are simply to be regarded as modified swim-bladders, and if so, 
an extremely interesting example of change of function is afforded. 

Order 2. — Ordinary Bony Fishes (Teleostei) 

Here are included the ordinary bony fishes of the present 
day, which include some three thousand existing species. The 
most important features of the group may be understood by 
briefly describing an average form, such as the cf>mmon fresh- 
water Perch, and noting the differences between it and the 
Dog-Fish (see pp. 257-264). 

The Common Perch {Perea Jluviatilii) (fig. 163) is widely 
distributed through the fresh waters of Europe and North Asia, 
and is very beautifully coloured. The upper parts are of a warm 
reddish-brown, passing into golden on the sides and again into 
white below. Several broad dark bands run acro»s the body, 
tapering ofiF on the sides. Well-grown specimens in this country 
attain a length of 9 or 10 inches, or even a foot, but much 
larger specimens have been recorded. 

The body is much flattened from side to side and the outline 
is spindle-shaped. It has been compared to a rounded wedge, 
eminently adapted for rapid progression through the water by 
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Fig 163 Side direction of Perch t ntaflMVtaUU^ 

devoid of eyelids, but there are no spiracles behind th^ No 
gill-shts are externally visible, but these may be seen by lifting 
up the firm gill -cover or operculum placed at the side of the 
head as in a Ganoid, Four such slits are present, instead of 
five as in the Dog-Fish (see p 258), with four narrow bar like 
gill-arches bearing the red, comb-like gdl^ ^bc separate teeth 
of the combs being the gill-fil^menis The gill openings herC 
are really slit-like, and not pouches as in Dog-Fish, and their 
existence is practically demonstrated by every school-boy who 
strings his small catches on a piece of grass, which he threads 
through the mouth and gill -slits Under the gill cover to the 
exterior. It is further of great to notice that on the 

inner side of the gill-cover, clo<^ U> the first gill-slit, there is 
a small reddish projection. ThJipi faiii gill ( pseudobran rh) 
is the vestige of the first gill praient in a Dog-Fish, and must 
not be confused with the false gill of that animal (see p. 263), 
which is on the front wall of the spiracular cleft, here entirely 
absent 

The unpaired Jins consist of two large dorsals, of which the 
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first is supported by exceedingly sharp spines, of an externally 
symmetrical (homocercal) caudal fin shaped like a fan, and an 
anal fin, quite close to which is the external opening of the 
intestine, for there is here no cloaca Fan-shaped pecto7'al and 
pelvic Jins are present, of the rayed type found in living Ganoids 
‘except the Birhir and Reed- Fish, and it may be noted that the 
latter are placed v(Ty far forward, much more so than in many 
other Teleosts The lateral line, marking the position of im- 
portant sense org.ins (see p. 263), is indicated by a dark streak 
running along either side of the body about the l(*vel of the 
eye The body is covered by thin overlapping scales 
» The internal skeleton is complicated by the presence of a 
large number of bones, and contrasts strongly with the com- 
paratively simple cartilaginous skeleton in Dog-Fish (see p. 259). 
The skull is particularly elaborate, and it must suffice to mention 
once nioic die presence of tooth-bearing bones bordering the 
jaws, which are attached at the back to the main skull by a 
hyo-mandibular bone equivalent to the cartilage of the same 
name in Dog-Fish (see p. 260) And as the Dog-Fish possesses 
no operculum, it has nothing corresponding to the bones which 
support that structure here. 

The skeleton by which the base of the tail is supported 
presents some points of great interest. It will be remembered 
that in the Dog-Idsh the tail is unsymmetrical (heterocercal), the 
vertebral column bending upwards and running mto its upper 
lobe. Here, on the contrary, the expanded tail is externally 
symmetrical (homocercal), and the backbone apparently stops 
abort at its base Examination of certain very young Teleosts, 
however, shows that iji them the tail is unsymmetrical, the back- 
bone bending up in the characteristic way, and close examination 
of the apparently symmetrical tail of the adult shows that behind 
the last joint of the backbone is a little bony rod which turns 
upwards, and marks wlmt is really the posterior end of the 
body. The homocercal tail therefore, is really a modification 
of the old-fashioneij Heterocercal one, and may be looked upon 
as an improved type wWef* Has arisen from it. 

Digestive Organs ^ng. X0.3). — Small pointed teeth are present 
on the roof of the moutfi-^.avit> as well as on the margins of 
the jaws, and the usual regions of the gut are present, i,e. 
mouth-cavity itself, pharynx out of which the gill-slits open. 
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gullet, stomach, and intestine, the last not opening into a 
cloaca as in Dog-Fish, nor provided with a spiral valve (see 
p. 261). A large liver is present, but the pancreas appears to 
be represented physiologically by some blindly-ending tubes 
{^Pyloric ccrca) which open into the beirinning of the small 
intestine. 

The Circu/atory Organs^ broadly speaking, are constructed 
on the same typr as in Dog-Fish (see p. 261), though important 
differences are seen in the heart, which no longer possesses 
an arterial cone with numerous rows of valves, but [)n^sents a 
new structure, the arterial bulb (fig. 163), which su<veeds the 
ventricle, and is really the swollen beginning of the ventraU 
aorta, which, as before, runs forwards on the llonr <>f the gill 
region, and gives off the afferent branchial arteries that carry the 
impure blood to die gills to be purified* 

The only orgdJis of respiration arc the gills, of whir hi enough 
has been said to give an idea of their arrangement 

Nervous System and Sense Organs (iig. 163). Tlu^ drain 
presents the same regions as in a Dog-Fish (see p. 203), hut is 
shorter and broader. The olfactory lobes are not placed on 
stalks, and there are two cerebral hemis[)heres instead of an 
unpaired projection, while the cerebellum is smooth and tongue- 
shaped. 

Two obvious points as regards the sense-organs may be 
ipentioned. One is that the nasal sacs have no internal openings 
into the mouth-cavity as in Dipnoi, but are distinguished by the 
possession of double external nostrils; while the other peculiarity 
is a negative one and consists in the absence of the numerous 
jelly-tubes so characteristic of the Dog-F'ish (see p. 263). 

A membranous swun-bladder (fig. 163) is present, situated 
above the other internal organs, close to the under surface of 
the backb(3ne, but though it contains air, it has lost in the adult 
all connection with the gullet, and therefore cannot play even a 
subsidiary part in respiration. 

Little more can T>e done here than briefly mention some of 
the more important or interesting types of bony fishes, but even 
so, it will make things clearer to indicate the chief groups, wfiich 
are as follows: — 

A. — Teleosts in which the swim-bladder when present has 
lost its connection with the gullet. 
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Sub-order i. — Spine-finned Fishes (Acanthopterygii). 

Sub-order 2. — Tuft-gilled Fishes (Lophobranchii). 

Sub-order 3. — Firm-jawed Fishes (Plectognathi). 

Sub-order 4. — Soft-finned Fishes (Anacanthini). 

B. — Teleosts in which the swim-bladder retains its connection 
with the gullet by a pneumatic duct or tube. 

Sub-order 5. — Tubc-bladdered Fishes (Physostonli). 

Sub-order 1. — Spinp:-finned Fishes (Acanthopterygii) 

Here as in the Perch, which is a type of the sub-order, some 
or all of the fin-rays which support the dorsal, anal, and pelvic 
fins are sharp unjointed spines. Some 3650 different species 
are here included, divided into about 60 families, c>f which only 
a few can be mentioned. 

1. Perch Family (fig. 163). — This is a group of carnivorous 
fishes, almost entirely confined to fresh water and distributed 
through the northern hemisphere. 

2. Bass Family. -This is a large group of fishes, which are 
for the most part marine though some inhabit fre.sh water, and 
which have a very wide distribution. A well-known British 
species is the Common Bass [JMorone labrax\ which is much 
like the Perch, but more slender in build and not so brilliantly 
coloured, being bluish-grey above, gradually shading off to white 
on the under surface. 

3. Sivord-Fish Family. — The members of thi." family are 
large fishes, mostly found in the open sea, and deriving their 
name from the formidable sw'ord-like weapon into which the 
upper jaw is produced. The Common Sword-Fish {Xiphias 
gladuis) is sometimes taken in British seas, and occurs on both 
sides of the Atlantic. Other species are found in the Atlantic 
and Pacific. These fishes have become notorious from the fact 
that their swords have been found broken off in the timbers of 
ships, penetrating to a de})th of as much as 22 inches (in a 
specimen exhibited in the British Museum). The force with 
which such blows have been given may be imagined. 

4. Dory Faynily. — This includes marine fishes of extra- 
ordinary form, found in the East Atlantic, Mediterranean, and 
the seas of Australia and New Zealand. The John Dory {Zeus 
/ader) is not uncommonly found in British seas. The body 
is much flattened, and with the head has a broad oval outline, 
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From behind each of the sharp spines of the large first dorsal 
fin projects a long filament A small part of the upper side 
is dark -brown, which shades into golden -yellow farther down, 
and again into brownish white. On each side of the body there 
is a large round blotch, dark in colour with a lighter margin. 
By the ancient Romans it was regarded as sacred to Neptune. 

5. Mackerel Family. — This is an important group of car- 
nivorous food-fishes, abundant in the temperate and tropical seas 
of both hemispheres. They are remarkable for their powers of 
swimming. The Common Mackerel [Scomber vernalis) suggests 
the lines of a racing-boat in the beautifully graduated curves of 
its rather slender body, terminated behind by a well-developed 
caudal fin shaped like the head of a broad arrow. Rows of 
pointed finlets fringe the body in the spaces between the tail 
and the anal and second dorsal fins. 

Another member of the family, sometimes taken off the 
south of England, and the object of an important Mediterranean 
fishery, is the Tunny {Orcynus thynnus), which may attain the 
length of 10 feet and a weight of more than 1000 pounds. 
Smaller species of the same genus are the Bonito (Thynnus 
pelamys) and Albicore (Thynnus albicora), which prey largely on 
Flying- Fishes, and, being rendered conspicuous by thi&^habit, are 
often mentioned in accounts of voyages. 

6 . Angler-Fish Fahiily. — This embraces widely -distributed 
fishes of extraordinary form, some of which frequent shallow 
water, while others drift with sea-weed in the open ocean, and 
still others live at great depths. A well-known British species 
is- the Fishing- Frog (Lopkius piscaiorius), with its body dwarfed 
by an enormous head, the wide gaping mouth of which, armed 
with numerous teeth, is a regular death-trap for unwary little 
fishes of all sorts. The first dorsal is reduced to its long spines, 
the foremost of which terminates in a soft flap. The upper side . 
is of a blackish brown and the under side white. 

7. Bull- Head Family. — These are small ground fishes of 
wide distribution, and mostly found near to land, while there 
are also fresh- water forms. A common British species is the 
Bull-head or Millers Thumb {Cj'Ius gobio), common in brooks, 
as every school-boy knows; while just as common along our 
shores is the Sea- Scorpion {Coitus scorpius)^ which has much the 
same appearance. 
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8. The Gurnards are larger relatives of the preceding and 
are distinguished by their curiously -shaped bony heads, and by 
the fact that the first three rays of the pectoral fin have become 
distinct and form “fingers” used as organs of touch and in 
progression along the sea -bottom. They are fishes of wide 
distribution and often of bright coloration. The commonest 
British species is the Red Gurnard [Trig/a pint)^ which is bright 
red in colour above and gleaming white below and on the sides. 

9. Goby Family. — Gobies and their allies are small fishes 
common along the coasts of both tropical and temperate seas, 
while -some are estuarine and a few inhabit fresh water. The»*e 
are nearly a dozen British species, of which the largest and 
piobably on that account best known is the Rock Goby (Gobius 
ni^er).^ In these fishes the pelvic fins are united into a funnel- 
shaped surker. 

10. JUenny Family.- The fishes of this family are mostly 

small and have the same wide distribution as the Gobies. The 
pelvic fins are very much reduced, and there is a single dorsal 
running along the whole length of the back, and equivalent to 
the two dorsals of perch fused together. A common British 
species is the Smooth Blenny or Shanny (Blcunius p/io/is), in 
which the long, low dorsal fin is not broken into sections. The 
Wolf-Fish {. \ na?'r/iifbas common on the north British 

coasts and r.inging to Norway and Greenland, may be over 
6 feet long, and resembles the .Shanny on .1 large scale. The 
margins ot its jruvs and the roof of the mouth are suidded with 
blunt teeth, .idapted for br(*aking the coverings of molluscs and 
crusta( ea. 

11. Guy Mullet Family. - Grey Mullets are common along 
the coasts of tropical and Kanperate regions, frequenting estuaries. 
7'he first dorsal fin is small, with only four spines, and the lateral 
lim* is absent. The best known British species is die Common 
Grey Mullet {Mnoil capita) 

12. Mackerel-Pike Family. —Here are included (lar-Fishes 
and Fdying- Fishes. The former are distributed throughout tropical 
and temperate seas, and the Common Gar-Fish {Bcloiie julgaris) 
is common on the British coasts. The body is much elongated 
and the snout is lengthened into a narrow pointed beak, well 
suited for seizing small fish. Flying-Fishes include a considerable 
number of species limited to the warmer parts of the ocean. The 
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Common Flying- Fish {ExocceUis volitans\ found in all tropical 
seas, has immensely elongated pectoral fins, which constitute the 
so-called wings. 

13. Stickleback Family. — The familiar little fishes consti- 
tuting this family are mainly, but not entirely, inhabitants of 
fresh water, and are only found in the Arctic and North 
Temperate zones. The name is derived from the fact that the 
first dorsal fin is represented only by its spines, of which there 
are a variable number. There are three common British species, 
all of them nest-builders. Of these the largest is the Sea Stickle- 
back (Gastrosietts spinackid), with fifteen spines. It also frequents 
brackish water. The other two kinds live in fresh or brackish 
water, the smaller being the Tcn-spined Stickleback (Gastrosteus 
pungitius) or “ Tinker ", w'hile the other is the Three-spined 
Stickleback ( Gastrostats aculcalits). 

14. Wrasse Family. — Wrasses are widely -distributed shore 
fishes, being absent, however, from the polar regions, and are 
especially numerous on rocky coasts and coral reefs. Most of 
them are handsomely coloured, and .some are pre-eminent among 
fishes in this res[)ect. The bones which constitute the bases of 
the skeleton supporting the gill-arches (lower pharyngeal bones) 
are fused together into a single tooth - bearing piece. Many 
members of the group are distinguished by the possession of 
thickened lips, and all have blunt conical teeth suitable for 
crushing the shells of molluscs and Crustacea, of which the food 
consists. There are a number of British species, of which one 
of the commonest is the Ballan Wrasse [Labrns maculatus), a 
stoutly-built fish of some 15 inches long. The colour is of a 
bright brown with numerous whitish spots, and touches of green 
on the fore-part of the head and the bases of the fins. Some 
individuals, however, are of a greenish colour all over. The 
spiny first dorsal is long and low, while the .soft second dorsal 
is much shorter and higher. 

Sub-order 2. — Toft-gilled Fi.siies (Lophobranchii) 

This small sub-order includes about 120 species of curiously 
modified fishes, in which pelvic fins u.sually, and anal and caudal 
fins commonly, have disappeared. The snout is drawn out into 
a tube, at the end of which the small rounded toothless mouth 
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Wrasses are tropical and temperate shore h^hes, possessed of 
thick lips and crushing teeth well suited to the food, which consists 
of molluscs. Many of them are beautifully coloured. All four of 
the species figured are native to the seas of Britain. Their names 
are:— 

1. Rainbow Wrasse {Cons julis). 

2. Ballan Wrasse {Lah'us niaculaius\ 

3. Cuckoo 'Wnsst {L. mixtus)y male. 

4. Corkwing {Crenilabrus melopi), 

14 
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? P illan \\ rasse 3 Cuckoo Wrasse 4. Corkwio^. 
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is situated Scales are absent, but then place is taken by bony 
plates developed in the deeper part of the skin and arranged in 
regular transverse rings The name ot the gioup ((ik lophos, 
a tuft h?anchui, gills) has reft re nee to the gill hJamuits, which 
are aiiangtd in tufts and not in combs as in oidmiry 1 eleosts 
The in.ile fish usuall) has a pouch m the skin on th( under side 
ot the body in which the eggs iie dfvelopcd and the young 
prott c ted 

The (in at Pipe {Syn:^uaihu% acits) 

.1 common British sp( cu s with much c long Uc d 
cylindricil hod) and ri sm ill caud il fin \ 
much moM i xtrioidm ii) looking spcdcs is the 
Slvut snoutf d Sc i Horse {^IhppociHfiptts anti 
ijitin nni) {\\^ i6|) w lin h h,is a \ ei y wide i.mge 
ind som< time s found off tin liritisli coist 
I h( n imr is suggested 1)\ the ship* of ihe 
Ilf id win h h irpl) bent on the tiunk iiul 
( p u» it( d fiom It hy i sou ot ne e k the 
inim il m lint nils i \(Uie il pe)sition in the f i 4 nr ///* 
wild hoih when swimmiii^ ind ilso when 
itt u In d (o se Lweed hy me tins eit its piehcnsile till, which is 
de \ oul of { ( uid il tin 

Sill) Older 3 — liKMfWMi) I isms ( Ploctogmithi) 

I his ilse) IS i sm ill gioiip cmhoeUing aheiut iSo species 
me)st i)i whieh hive i well dev (.loped external skeleton I here 
IS is i rule nothing to eeirrespond te3 the spinv first doisal and 
[)e K le fins ot a peuh e xee[)t, perhaps a few spines "I he gill- 
eener is not a Kige ire' flap, but is united with the' suirounding 
puts so as to le.ive only a small aperture through which the 
w ite*r which has passed over the gills can How out to the exterior. 
"Ihe intern il skeleton u deficient in bony matter, but the bones 
of the upper jaw are \er) firm and fused to the mam mass of 
the skull, a fe ature which the name of the sub order suggests 
(Gk pUktos, woven together, gnatkos, jaw) The included species 
are characteristic of tropical seas, though not confined to them, 
and include i File Pishes, 2. Coffer- Fishes, 3. Globe-Fishes^ 
and 4 Sun-Fishcs 

I. File- Fishes constitute a widely distributed family, in which 




2^S CHARACTERS OF VERTEBRATE ANIMALS 

the skin is rough and there is a small spiny first dorsal (in, of 
which the first spine is ridged like a file on its front surface. 
The firm jaws, provided with strong teeth, are well adapted for 
breaking open the shells of molluscs, or nipping off pieces of 
coral. The Mediterranean PTle-Fish {Ba/is/es capriscus) has 
occasionally been taken in British seas. 

2. Coffer-Fishes are curious-looking creatures in which the 
body is almost entirely protected by numerous six-sided plates 
united by their edges. The Four-horned Coffer-Fish (Ostracion 
quadricornis) has been taken off the coast of Cornwall. 

3. Globe-Fishes mostly have their bodies covered with strong 
spines, and possess the power of dilating the gullet with air, 
when the body swells out into a globe-like form and the spines 
are erected, furnishing a formidable protection. In this condition 
they are unable to swim, but are drifted along with the under 
side turned upwards. In the genus Dwdon there is a bony plate 
in the front of each jaw, while in the allied genus Tetrodon each 
of these plates is divided into two, giving the appearance of four 
large front teeth. 

4. Sun-Fishes arc remarkable for the shortness and depth 
of the body, the caudal fin forming a border to the hinder end, 
which does not taper as in an ordinary fish. Adjoining the 
caudal fin is a long pointed dorsal above and a similar anal below. 

Subrorder 4. — Soft-finned Fishes (Anacanthini) 

In these fishes the rays which support the various fins are 
all soft and jointed, and the pelvic fins are situated very far 
forwards. There are some 370 species, of which many are of 
great economic importance. Only two of the included families 
need be mentioned here, i.e.\ i. the Cod Family, and 2. that in 
which the Flat-Fishes are included 

i. Cod Family. — The Common Cod {Gadus morrkua) (fig. 
i) is the most important representative of a genus distinguished 
by the possession of three dorsal and two anal fins, while in 
this and some of the other species of the genus there is a filament 
or barbel attached to the lower jaw. The Cod abounds on 
both sides of the northern part of the North Atlantic, the most 
famous fishery being on the banks of Newfoundland. The 
Haddock (Gadus agUJinus) is another important species with a 
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similar range. It can easily be distinguished from the Cod by 
the black colour of the lateral line, and the presence of a rounded 
black patch just behind the gill cover. A third allied but smaller 
species is the Whiting (Gadus tnerlangus), the range of which 
is restricted to the seas of Northern Europe. It has a dark 
patch at the root of each pectoral fin and lacks the barbel of the 
two preceding species. 

A small number of the species included in the Cod Family 
are fresh- water, and the best known of these is the Burbot or 
Eel-pout i^Lota vulgaris), abundant in many of the rivers of 
North America and North and Central Europe. In England 
it is found in some of the rivers which flow into the North Sea. 
1 here are two dorsal fins, of which the second is very long and 
low, while on the under side of the body there is an anal fin of 
similar character. A barbel is present as in the Cod. 

2. Flat-Fish Family, — I'lie familiar food-fishes which make 
up this family are distinguished by a remarkable want of sym- 
metry, which has no parallel among Vertebrates. One might at 
first sight imagine that the dark and light surfaces of the body 
were respectively upper and lower. A little closer inspection, 
however, w’ould show that a long dorsal fin ran along one edge 
of the body and a long an«i! fin along the other; and further, 
that each surface had a lateral line running along it, and possessed 
both gill-cover and paired fins, thus conclusively proving the 
broad surfaces to be the sides. In some cases the dark upper 
side is the right one and in others the left. A flat-fish starts 
life with the same kind of symmetry as an ordinary fish, one 
eye being on the right and the other on the left, while the 
body is maintained in the usual position; but as development 
proceeds, and the body gets more flattened, one side becomes 
pigmented, and the eye of the contrary side is displaced so as 
to be near its fellow. We may take as well-known examples. 
Turbot, Plaice, and Sole. 

The Turbot {^Rhombus vuiximus) (fig. 34) is a large broad 
fish limited to European seas, and with the eyes on the left side. 
In the Plaice {Plcuroucctes platessa), which though broad is a 
much smaller fish, the dark, eye-bearing surface is the right 
side. It is marked by large orange spots. This species ranges 
along the west coast of Europe and extends as far north as 
Iceland. The Common Sole {Solea vulgaris) also has the eyes 
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on the fi^/U side, but its shape is an elontjated oval It is con- 
fined to I uroptan seas. 

Suborder 5 — Tlbi -B i Aoni Ki n hisnis (I’h)sostonu) 

I his lai^L ;4roup (some 2500 species) iiuluelts in ui) iin 
portant lood hslus and includes both m iriiu and ficsh water 
fe:)rms as well as ionns whieh like tin Salmon li\c puib in 
the one and partK in »^he othci 1 Ik iiiis irc suppoitcd I)) soft 
jointed ii\s e\CL^t in some e iscs ihc tirst ia\ in tlu dors d end 
pectoral which ma\ K trai stormc d into spme > Ihc p 1\ ic hns 
are situate c' In bul in what must lx (onsidcoil is the pi miti\r. 
p>osition U' l^m^ h\ oiIk r erders of tishcs 1 lu .ui bl idd( 1 
which as pic\ioiisl\ silted is in oil i(n\th I om the dw i\s 

retains i einmiiiem with it h\ nn ms uf a Uibi vhenei the 
name of tu sub oidci Onh the mon 'inpoitint f iiiuIk cm 
be mi ntiont d heie 

1 L (* f h 1 an I ht ( it 1 isOi s 01 Sihii >1 I m li dc 

a lai^e ii m >e i cd sjxcies nd ml n^ the Irish witci il fi ^ k il 
and tfn])(i«U r< ^lop^ wlnh >omt of thi m ik (simujik ir 
even muinc tl ou^h in the 1 iiu 1 ci c tins do not In liom 
shore Ihc itime Cat 1 ish his r(f«t<n c lo tlx pus k < ol 

lont^ baibfls sn^otstn^ to a h\(l\ im 1 milioii ll i win liis 

of a cat I lie sc dc !c '^s boch is some imn s j)iit(il ( l\ I « n\ 
pi ites I Ilf rt IS ord\ oiu I n >|>f m spi i i tl c \\ c I ( S /// / 
glams) (ii^^ md this 1^ hmiu 1 u the ii\fi c isi ol iiu 

Rhine I \c( pMn^ oril\ thf (iiiiit Stiii^con it is tin I i < si 

of Lurope in fi^shwatn h^hf s att iinm^ i m iMinuin Ji ii^lh ol 

13 feet anel weight of |00 pounds thon^^h i\ c 1 i i spicmuns 
are verv much '^mailer In this spec ic the skin is soft ind then 
are si\ barbelj two \(r> lon<4 ones ibc)\c and fcnii much mallei 
ones below 

2 Salmon /^amily — The members of tins i>ioup an in tlu 
mam either purely fresh -water m habit e)r ascentl n\ers to 
spawn and, with the exception ol a New /ealanel t^enus, are 
confined to the northern hemisphere There are, how^v(r, a 
few purely marine species The body is of the t) \ ical fish lorm, 
and covered with scales, except m the head region A tiMy- 
large first dorsal is situated about the middle of the back, and 
much farther back there is a small second dorsal, which, on 
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account of its fatty texture, is generally called the adipose fin. 
An anal fin is placed opposite or nearly opposite this. 

The Salmon (Sa/mo salar) (fig. 165) ranges right round the 
northern hemisphere as far south as latitude 41° in the New 
World and 43° in the old. It is well known as one of the fishes 
that live partly in the sea and partly in fresh water, while the 
Common Trout (Salmo fario) is limited to the latter. 

The Common Smelt {ps^ncnis cperlanus) is an example of 
the smaller members of the Salmon family. It is found in the 
seas of both Northern and Central liurope, as well as in some 
of the lakes and rivers of the same regions. 

3. Pike Family, — I'his is a small group of predatory fresh- 
water fishes, including only seven species, of wliich six are 
confined to the United States, while the Common Pike {Fsox 
liicius) has a wide distribution through the temperate regions of 
the northern hemisphere. There is no fatty fin. and the single 
dorsal is placed far back near the tail. The shape of the 
head, with its flattened snout and projecting lower jaw, is very 
characteristic. 

4. Carp Family. — This is a large group of fresh -water 
fishes distributed through all the great land masses except 
South America and Australia. There is no fatty fin. and the 
mouth is entirely devoid of teeth, though these strucnjres are 
present in the pharynx, attached to the bones which support the 
gill -arches. The Common Carp {Cyprimis carpio) is a stoutly- 
built fish with a long dorsal fin ami two pairs of small barbels. 
It is a native of Asia, but, being much esteemed as food, was 
introduced into Euroj^e at an early date, and is supposed to 
have been naturalized in this country by the monks during the 
Middle Ages. The well-known Gold-Eish {Carassias a?iyalus) 
is a domesticated species of a genus of carps in which barbels 
are absent. It is a native of China and Japan, and the bright 
colouring is the result of artificial surroundings. Remarkable 
varieties of form have also l:)een produced, as in other animals 
which have come under the influence of man. 

Among native members of the family may be mentioned 
the Gudgeon (Gobio fluvialilis), a small fish with a pair of short 
barbels; the much larger Barbel (^Barbus vulgarly, with four 
barbels ; the Common Bream {Abramis brama) ; the Bleak 
{Alburnus Ituidtis^ Roach {^Letuiscus ruiilus), Chubb (Z. 
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1. The Carp {Cyprinus carpic) inhabits pond% lakes, and 
sluggish streams, living upon worms, insect larvx, d^c., and vege> 
table matter, to which food its thick-lipped mouth, provided with 
four sensitive barbels, is well adapted. It is very tenacious of lUe, 
and exceedingly long-lived (loo years or more). 2. The Crucian 
Carp (Carassius vu/garis) is a small fish common in the lakes and 
ponds of Central and Northern Europe. It is often kept in 
captivity, together with its near relative, the Gold-Fish* which is 
a domesticated variety of the Golden Carp (C. auratui). 3. The 
Tench (^Tinca vulgaris) is a well-known ground-fish of the carp 
kind, and its food is of the same mixed nature. It lives in stagnant 
vi^atei; «»liich may be so foul that no other fishes can maintain 
themselves in it 4. The Pike {Esox /itrfia).is-an exceedingly 
voracious fish, widely distributed through temperate North America, 
Europe, and Asia. It attains a very considerable size. 


is 




GROUP OF FRESHWATER FISH 



FISHES 


283 


cephalus). Dace (Z,. vulgaris), and Minnow {L. phoxinus)) Tench 
{Vinca vulgaris)] and the Common Loach {Ncmachilns barba- 
tubis), a small elongated slimy fish, with mouth on the under 
side of the head and a frinije of six barbels round the edfife 
of the upper jaw. 

5. If erring Family , — The fishes of this family are mostly 
marine, and are found in the shallower parts of the sea all the 
world over in tropical and temperate regions. Although not 
disOT!;. uished by number of species, they are unsurpassed among 
fish.’ in the number of individuals, these often swimming 
together in vast shoals, which partly accounts for their very great 
commercial value. The body is of the typical fish-shape, and 
much laterally fiattened, especially on the under side, which 
may form a sharp edge, often with a saw-like margin and some- 
times supported by small bony plates. Fatty fin and barbels 
are absent. I he head is naked, but the rest of the body is 
covered by thin glittering scales, which are easily detached. 

The ^Herring {Clupca harengus) abounds in the North 
Atlantic, North Sea, and Baltic, and is also found in the Black 
Sea. The Pilchard {C, pilchaj'dus) ranges from the Mediter- 
ranean round to the English Channel, and when young is the 
familiar S<irdine. The Sprat (C. sprat tus) abounds on the west 
coast of luirope and extends into the Baltic and part of the 
Mediterranean. 

6. Fcl Family,- The snake-shaped fishes belonging to this 
f.imily have a wide distribution through both the seiis and fresh 
w'atCT'^ of tropical and temperate regions. The pelvic and 
sometimes the {)ectcral fins also are absent, and the dorsal, 
caiul.il, and «inal lins all form a continiH’)us fringe. The skin 
is either entirely devoid of scales, or numerous very minute 
scales ar(‘ imbedded in it. 

The Common Eel {Anguilla vulgaris) (fig. 165) has pectoral 
fins and minute scales. It has a wide distribution throughout 
Europe, the countries bordering the Mediterranean, and North 
America. The large marine e(‘l known as the Conger {Conger 
vulgaris) is found in almost all parts of the world, and is distin- 
guished from the Common Eel by the entire absence of scales, 
and its large mouth armed with formidable teeth. The maximum 
length appears to be about 8 feet. The Mediterranean Mursena 
{Afurcena helena) is the typical representative of a widely-distri- 
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buted section of marine eels. It attains the size of the Cong^ 
and was well known to the ancient Romans, who not only 
esteemed it as a delicacy but kept it as a pet. The skin is 
scaleless, as in the Conger, and is brilliantly coloured. The 
front end of the body is very thick, and the large mouth is 
armed with powerful teeth. Pectoral fins are entirely absent. 

SuH-CLASs III.- -SHARKS AND RAYS (Elasmobkanchii) 

The Spotted Dog-Fish {Scyllinm canicula) is a good type of 
this sub-class, and the description already given of it (pp. 257- 264) 
will serve to give an idea of the essential features in the structure 
of the group. The most important of those features are the 
following: — The unsymmetrical tail, and position of the mouth 
and nasal openings on the under surface of the head. The 
possession of spiracular clefts and at least five pairs of gill- 
pouches, the external openings of which are not protected by a 
gill-cover. A cartilaginous skeleton, with comparatively simple 
skull and well-developed visceral skeleton, and paired-fin skeleton 
on the Dog-Fish type. Numerous rows of teeth on the margins 
of the jaws, constantly being renewed during life. A spiral valve 
in the intestine, and a cloaca. Well-developed arterial xone in 
the heart A thick skin with placoid scales. No swim-bladder, 
or at most a small tubular outgrowth from the upper side of the 
gullet to represent it. Eggs large, containing much food-yolk. 

It is convenient to divide these fishes into two orders, one 
containing the Sharks and Dog-Fishes (Selachoidei), the "other 
Skates and Rays (Batoidei). 

Order i. — Sharks and Dog-Fishes (Selachoidei) (fig. 166) 

The shark-like fishes of this order comprise about 150 species, 
distinguished by spindle-shaped bodies gradually tapering to the 
tail-end, which is sharply bent up. The gill-slits open on the 
side of the body, and the eyes possess lids. There are nine 
families, of which only seven need be mentioned. 

I. Blue Sharks . — The type of this family is the Blue Shark 
{Carcharias glaucus), which often reaches the length of 15 feet. 
Though not uncommon in British seas during the warmer part 
of the year they are specially abundant in the tropics, like most 
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ml the larger sharks. The Common Tope {Galeus canis) is a 
small shark with a very wide distribution, and is a well-known 
British species. It may attain a length of 6 feet or more, and 
in <olbur is dafk grey above and white below. The body is 
slender and the' snout prolonged and pointed. A somewhat 





A, Spo tte d Dof-Fish {ScylUmm mmculm). b. Blue Sberk {CanMarias giamcus), 
c. Hammer-headed Shiurk {Zygmmm. mallina). 


smaller form, common in British seas and widely distributed over 
the world, is the Smooth Hound (Mustelits lavis), which can 
easily be distinguished from the Tope by its blunter snout, and 
the presence of whitish spots on the back. The most remarkable- 
looldng member of this family is undoubtedly the Hammer-headed 
Shaak {Zygana tualleus), in which, as the name indicates, the head 
ia brhatfened out like a T by the presence of projections upon 
vdh<lh the eyes situated. It has occasionally been taken in 
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British seas, but cannot be considered as a native species, its 
habitat being the warmer parts of the ocean in almost all parts 
of the world. 

2. Porbeagles , — This includes sharks, which are most abun- 
dant in the open ocean and are often of Very large size. The 
pointed teeth are large and strong, and the gill-slits are usually 
very wide, while the spiracle is small or even absent The 
Porbeagle [Lamna cornubica) is a North Atlantic form and fairly 
common on British coasts. It is about lo feet long. The 
Thresher or Fox-Shark {Alopecias iru^pes) is distinguished by the 
remarkable length of the upper lobe of the tail. It is abundant 
in the Atlantic and is the commonest large shark occurring on 
our coasts, but is also well-known in the Mediterranean, its range 
also including the coasts of California and New Zealand* The 
Basking- Shark {Selache maxima) of the North Atlantic may 
reach a length of over 30 feet It is not uncommon cm 
western coasts. Unlike the last-named species, which doei hot 
attack man, the huge Rondeletian Shark (Carckarodon Ron£Udetii\ 
which may attain the length of 40 feet, is universally dreaded. It is 
found in the warmer parts of the open sea in all parts of the world 

3. Dog-Fishes . — Of this the Spotted Dog-Fish, selected 
our type (pp. 257-264), is a typical member. All ^re coast- 
fishes, found in most tropical and temperate seas. Another British 
species, closely resembling the preceding but of much larger size, 
is the Nurse Hound {Scyllimn ca/ulus). I'he Zebra Shark 
(Stegostoma tigrimim), common in the Indian Ocean, is a member 
of this family. It may be as much jis 15 feet long, and r?ceives 
its name from the characters of its markings, which consist of dark 
transverse bands on a yellowish ground. 

4. Spiny Dog-Fishes . — The species belonging here are mostly 
of small si/e and are devoid of an anal fin. The gill-slits are 
small and a spiracle is present. The Piked Dog-Fish {Acanthias 
vulgaris) is common on thp British coasts, and is characterized 
by the presence of a sharp spine in front of each dorsal fin. A 
much larger species is the Greenland Shark {Lcpmargus borealis\ 
which inhabits the seas of the Arctic region, and is one of the 
worst enemies of the Greenland Whale, from the tail of which 
it bites large pieces. It sometimes strays as far south as Britain, 
and, though it may be as much as 1 5 feet long, is harmless to man. 

5. A ngel-Fishes . — This contains a single species, the Angel- or 
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Monk- Fish (Rhina squatifid)^ found all over the world in tropical 
and temperate seas, and not uncommon on our western coasts. 
Its chief interest lies in its flattened shape, in which respect it 
may be regarded as an intermediate stage between the sharks 
and skates, and in the extremely large pectoral fins (the ‘‘wings’* 
of the imaginary angel) which also afford a point of resemblance 
to the latter group. 

6. Port Jackson Shark Family. — This is a small group of 
comparatively small forms, including only one genus of four 
species, of which two are found on either side of the Pacific. 
The best known is the Port Jackson Shark {Cestracion Philippi) 
ivhich ranges from Japan south to Australia and New Zealand. 
The head is short and blunt, and there is a sharp spine in front 
of each dorsal fin; but the chief peculiarity is found in the teeth. 
"Phose in front arc sharp-pointed, but the rest have blunt rounded 
crowns, and . being arranged in several closely adjacent rows, form 
a surface well adapted to crush the molluscs upon which the shark 
feeds. 

7. Comb-toothed Shai'ks. — This is a small group of tropical 
and sub-tropical species possessing certain primitive characters. 
There is only one dorsal fin, and the glll-sIits, instead of being 
five in number on each side, as in other members of the sub- 
class, are either six or seven. Four of the five known species 
belong to one genus {jVot/danns), and one of them, the Grey 
Six-gilled Shark (A\ j^^risens), an Atlantic and Mediterranean 
form, is .sometimes taken in British waters. The teeth are 
elongated, and each of them consists of a series of slanting cusps 
diminishing in size from one end of the tooth to the other. I'he 
other three species of this genus have seven gill-slits on each 
side. The Japanese Frill-gilled Shark [Chlamydosclachc anouinens), 
which inhabits very deep water, resembles an cel in shape, and 
its mouth is at the front end of the body instead of upon its under 
surface. There are six gill-slits on either side, and each of them 
is protected by a backwardly-di reeled fold of skin, pleated in a 
frill-likc manner. 

Order 2. — Skates and Rays (Batoidei) (fig. 167) 

The Skates and Rays which constitute this group are much 
flattened from above downwards, just the reverse of what obtains 
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in an ordinary flat-fish, the breadth being increased by the 
enormous development of the pectoral fins, which form great 
wings extending from the head to the pelvic fins. As a result 
of this depressed shape, the gill-shts, of which the typical five 
pairs are present, are situated on the under side. The tail is 
narrow and forms a mere appendage, upon the upper side of 
which the small dorsal fins are placed, while the anal fin is absent. 
There are six families, of which five may be specially mentioned 
I. True Rays — I'he numerous species of the rhomboidal- 
shaped fishes belonging to this family have a wide distnimtion, 
but are chiefly temperate forms more abundant in the northern 
than in the southern hemisphere The numerous sinall t( c th 
are closely packed m a considt lable number of rows .iriani;(*d 
so as to form two roller like surfaces which bite one 

another There are about twcKc Hntish species f)f whi h the 
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head. The slender tail is usually armed with a formidable saw- 
edged spine, which is the so-called sting One widely distri- 
buted species, the Common Sting- Ray {^Trygon ^s/tnaca), is 
sometimes caught off the south of England. 

5 . Electric Rays , — In the.*e the broad smooth body has a 
rounded outline, and on each side of the head there is an electric 
organ, capable of giving severe shocks. The most familiar genus, 
Torpedo, is represented by species in the Atlantic, Mediterrane*in, 
and Indian Oceans. A well-known Mediterraneiin form is the 
Marbled Torpedo {Torpedo 7nart3torata), and an allied species is 
taken from time to time in British seas. 

Sub-class IV. — CHIM/ERAS (Holocfpiialt) (fig. 168) 

This small sub-class, though related in many ways to the 
preceding one, is distinguished by a number of peculiarities. 
It includes only three genera of deep-water fishes. The lx!st- 



Fif I ^ Lillie »icl« reduced to >r\m 09 iralct 

A, S«A Cal {Ckitfurra MOHsiresa , malt b, Uottlc uo.cd ( hiouera ailnkymihnt nui/treitnts' C Haarrwttn 

known form is the Sea-Cat or “ King of the Herrings” {Chwucra 
monstrosa), the distribution of which includes the North 
Atlantic, Mediterranean, Cape of Good Hope, and Japaa In 
this animal the large head is rounded and the tail tapers to a 
mere thread. There is a powerful spine in front of the first 
dorsal fin, while in the male there is a peculiar tentade-like 
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atructure on the top of the head, armed with curved spines and 
capable of being drawn back into a pit. The eyes are very 
large and the skin is smooth. Only four gill-slits are present on 
each side, and they are covered over by a membranous flap or 
gill-cover. There is no spiracle. Another species of Chimaera 
is taken off the coast of Portugal, and the third is found on the 
Pacific coast of North America. 

The Bottle -nosed Chima^ra (Cattorhynchus anlarcHcus) of 
the southern seas is more shark-like in form, and its name is 
derived from the curious thickened form of the snout. A third 
genus (Harriotta), recently discovered in very deep water both 
in the Atlantic and Pacific, is comparatively small and is dis- 
tinguished by its slender-pointed snout. 

Sub-class V. — ROUND-MOUTHS (Cvclostomata) 

The La?apreys and Hags which make up this sub-class are 
so unlike other fishes in many respects that many zoologists 
place them in a class of their own. They have a wide distribution 



in the temperate regions of both hemispheres, and the lampreys 
occur in fresh as well as in salt water. There are four British 
sj'K'cies, three of these being lampreys, any one of which will 
serve to illustrate the chief characters of the :>ub-class. They 
are the Sea- Lamprey {Petromyzan fnannus)^ the River- Lampfey 
or Lampiern {P. Jluviatilis) (fig. i69)» Small Lamprey 

{P. braiichtalis). The eel-like body is bordered by three narrow 
unpaired fins, two dorsals and a caudal, but all traces of paired 
fins are absent. Instead of possessing a slit-like mouth bounded 
by jaws, as in all the backboned forms so far considered, a 
rounded sucker-like concavity is present on the under surface of 
the head, and the small mouth opens within this. The scientific 
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name of the group is derived from this peculiarity (Gk. kui/os, 
a circle ; stoma, a mouth). The skin is devoid of scales, but 
there are numerous little horny structures lining the mouth- 
sucker, and a muscular longue armed with similar bodies can 
be protriid(\l from the mouth and used as a r.isping organ. A 
single nostril opens on the top of the head, behind this is the 
eye, and then come seven small round holes, which are the 
e.vternal openings of as many gill-pouclies. The egg of the 
Lamprey develi'ps into a Lirva which is so unlike the adult that 
it w^as f(»rinerl\’ thought to he a distinct kind of iLh and reccivt-d 
the name of Ai)nuoirfL<;. 

The Common llag-l'ish {Jfji/fit' is shap< d like 

a Lampr(*)', lujt tlu' dorsal fin is ahst^nt, and iIk* imperiei i eyes 
are coven^d l'\ the ^kin. The siiitmial moulli is margmetl by 
eight barbels, Ac hr^t sight there apptMr to he no gill ojM’nings, 
but then* an* in rv<!iity s]\ pairs of gill-poiu hr‘s, the oukw (*nds 
of which are flrawn out ix'Iow* the skin into hackwanlly din*cted 
tubes, thioc. on the s<une side uniting t(*g(‘ther and ha\ ing a 
t omuion opening potty lar hack on the un(l(*i surface* of the l)Ofh. 
'hhe skin is \m-\ ghndulir, poss(*ssing the power of producing 
\ast quantities uf slime which sets into a firm jelly 
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\\"e now'’ come to a number of \ erx primitive forms, most 
of which were ciassifK d with the backl)onel(*ss animals till com- 
paratively recently. The characters of the backboned animals 
or Vertebrates ha\e been cnumenited and cxpl.iinc'fl in an earlier 
part of this volun'ie (pp. 6o 63), to which leference must be 
made for details. It may, however, be remarked her<‘ that there 
arc three chief characters by which a \'erlel)nite, or, to use a 
wider and better term, a Chordate, may be distinguished. 

I. The possession at some period of life of a firm gelatinous 
rod, the notochord, running longitudincdly beJow the oentral 
ner\'ous system. Such a supporting rotl can made out in the 
emhr)^os of all the forms hitherto described, but in most them 
It Is sooner or later squeezed out of existence, partly or entirely, 
by the development of a vertebral columm In some few^ instances, 
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however, as Lung-h'ishcs, Chinurra, Lamprey, and Haq[, it per- 
sists throuffhout life, though invested in a firm sheath and supple- 
mented by the develoj:)ment of cartilage. Ordinary bony fishes 
are a good instance of p.irtial persistence of the notochord. 
Almost everyone must ha\e noticed, in the pursuit of breakfast- 
table f'ln.itomy, that a g('l<itinous sul:)stance occupu s th(‘ sp,ices 
l)etween the doubly-cupped ends of the vertebra^ in such fish 
as salmon and cod. 1 his substance represents th(‘ j)art of the 
notochord which has not bet'n nipped out of e\istf*iKe by the 
ingrowth of hard m. iteri.il to mak^* uj) the joints of the backbone. 
In a Protorhordate then* n(*ver is a \(*in‘lir<Ll column or a back- 
Tdoik* in the projic r s(“nse ot the word, but only a more or less 
dev(*loped n<jto( hord. 

.? It is searcel) less distinctite tif ('h('idate animals th.it in 
th(*m the pharxnx should be perfor.ited ]>y \isccrd (kits in the 
embryo if not in the adult. 

3. It IS lyniial for .1 (Jlumlati* to po*-sc ss a L<'ntral neiw)u-^ 
s\ stein ^biai" ind spin.il ( (n*d') situaU'il doi 'sally abo\c* die noto- 
chord, ind h.Lxing tin* nature of a thick w.illed iuhe. 

W (* will <i[)]dy th( s<' t< sts to llu* thn e reco^pi/(‘d ordiTs 
of Prot('( iiord.iti s, i cr i. Lan<(lets (('(‘jihalochorcld) , Sea- 
Si juirls (I rcHhord.i), .and 3. ctit.iin ^till simpkr lorms gioup(*d 
pnw isionall) .i-) H(*michordn. V(Ty Lireat the(M*( ti< al mu ri'st 
«ittach(‘s 10 the study of these f(U'm'>, and much atlentiun has 
l)(*eii bestowed u})on them, 1 irg(‘l) vMth a \ i(wv of imclmg out 
how' far the\ throw light upon the obscure [)ro])lcm ha\ mg for 
its goal ,i d(T(*rmin.iti(^n of the ( liaraclers I'f llu* simplest and 
earliest \'(*rlebrates \vhi(h .ippeared upon the globe 

Su5-( I \ss I. - LANC'bd.RTS (Cfpikk iuorda) 

Lancelets are sm.ill fish-likt* cre.iUircs widely distributed 
round the! coasts of the globe where the two conditions of sand 
and shallow water are combin('cl. I'here are about species, 
popul.irly ri'ferred to one genus Aviphioxus (Cik, arnphi, both; 
oxHs, sh.irp), which, like the ortlinary name, has reference to the 
fact that the llaltened body is poinlccl at both ends. The common 
European species {^Amphioxiis lance 'hiatus) (fig. 170) is found 
on the Mediterranean and both Atlantic coasts, including our 
own islands. It is particularly abundant at Naples, where the 
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fishermen use it as bait. The translucent body varies in length 
from about i}4 inch to rather more than double that size, 
and at first glance one might be puzzled to say which was the 
front end of the body, as no distinct head is present. On closer 
inspection, however, a little hood-like structure, fringed by slender 




Fig. 17a— Laftcelci {AwfAufjctts In wf 0/a /ns] 

A, Side View, with internal organs seen by transparency. Scmidiagraramatic. b, Transverse section 
Much enlarged and setnidiagrammatic 


tentacles, can be seen near one extremity. This marks the under 
side of the head end, and, since it leads to the mouth, has been 
called the ora/ hood, which has a certain resemblance to the 
mouth sucker of a Lamprey. Here as there jaws are absent, 
and the Lancelet \» further devoid of the tooth-like proj^tions 
and powerful rasping tongue which distinguish the Lamprey. 
Running along the upper margin of the body is a narrow dorsal 
Jin, passing behind into a slightly expanded ca^idal Jin, which again 
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is in one piece with a narrow anal Jin running forward for a short 
distance. In front of this the under side of the body is broad, 
convex, marked by longitudinal pleats, and bounded on each 
side by a prominent fold which runs forwards to the oral hood. 
1 hese two lateral folds converge behind and end where the 
anal fin begins. In the description of the Dog-Fish it was stated 
(p. 258) that the various unpaired fins are probably expanded 
surviving fragments of a continuous fin which, in ancestral 
forms, ran along the middle of the back, round the tail, and 
forwards for some distance along the under surface. Such a 
condition is actually represented by the Lancelot, for, as 
just stated, its unpaired fins constitute a continuous fringe to 
the body. But further, it is by no means improbable that the 
pectoral and pelvic fins of an ordinary fisK represent the front 
and back ends of a continuous lateral Jin which once existed 
on either side. There are no paired fins in the Lancelot, but 
the latecnl ridges in front of the anal fin are perhaps equivalent 
to such continuous lateral fins. 

The Liincelet is obviously segmented, i,e, divided into a 
number of similar successive parts from before backwards, and 
this segmentation is well seen in the muscles which make up 
a great part of the side of the bod>, these being divided up 
into >-shaped sections. At first view the animal looks as if it 
were bilaterally symmetrical, but this is not the case, for the 
muscle -segments do not correspond on the two sides of the 
body; and further, the external opening of the intestine (there 
is tio cloaca) is placed on the left side of the b(xly near the 
base of the tail-fin. There is also a lack of symmetry in other 
respects which need not be mentioned here. 

A well-developed notochord is present, and like man)* of the 
other internal orgjins can be made out without dissection by 
examination of small specimens mounted whole as microscopic 
objects. There is, however, one peculiarity about it. Instead 
of stopping short about the middle of the brain, as it does in 
the higher Vertebrates, it runs to the e.xtreme front, and the 
scientific name of the sub-class alludes to this (Gk. cephalon, 
head; chordi, string). 

No gill’slits are visible on the e ierior, but dissection .shows 
that a very large number are present as oblique openings in the 
wall of the large pharynx. They do not, however, open directly 
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to tile outside, but into a lar^e atrial cavity which surrounds the 
pharynx, and which itself o|>ens to the exterior hy d rounded 
hole, the atrw^re^ on the under side of the body just in front of 
die anal fin. The state of things may be more clearly under- 
stood by refiprence to the development of the tadj^ole (p. 254), 
where the giB-slks at first open directly to the exterior but are 
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later on covered over by the backward growth of a told of the 
body- wall, the upshot of this being the formation of a branchial 
chamber into which the gill -slits op(Mi, and which opens to 
the exterior itself by a sm.ill hole on the h fi-hand side of the 
body. If this hole were in the middle line belr)w^ instead of on 
die left side, it might be compared to the L.incelets atriopire, 
while the branchial cavity has much the samf‘ relations as the 
atrial cavity. It would probably be incorn^ct to cons’det the 
two cavities as closely equivalent, for they develop in very 
difierent manners. 

The Lancelet will also stand the third test of a V(*rtebrate, 
lor it possesses a tubular nci^c-cord, situated above the notochord, 
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but not extending so far forwards. There is, however, no distJ^ict 
brain 

It is usual to find this animal buried in the sand in a vertical 
position, with the head end projecting; but it can also swim, and 
IS able to burrow in the sand w^ith great rapidity. 


SiB-cLv^v II SEA-SQUIRTS (Uroc iioroa) 

Among the objects cast up by the tide on the sea-shore, or 
found attaihed to rocks which are uncovered at low -water, are 
ccruun leatherv looking objects which when loucht^d emit a jet 
of w Iter, a habit which has 
eai IK d fill them the n ime of 

On account ot the bim 
cover or tunic with which they 
aie iii\cst(d th^ name of Turn 
cites has '".Ro been widely used 
They a»'e the first fi\cd or se den 
tai> animals with which we have 
had to deal and this mode of life 
lias had a profound inthuiuc 
U[)on thoir structure* A com- 
mon British spot us u^ia 
vie utu lily may be t<iken as an 
example 

The plump rounded body is 
attached In one ciul to some 
foreign object, while at the other 
end ma\ b(* seen two orifices 
(see p 2Qfi, fit; 1 71), each 
placed on a ponjection, so as to 
give a distant resemblance to 
the skin bottles used in the East, 
and which is cmliodied in the name of Ascidians (Gk. eiskosy a 
wine-skin, euioi^y like"! often applied to these forms One of the 
openings is situated at the extreme end and the other somewhat 
on one side. The former is the Vi4?$t/A and the latter the atrioporey 
and observation of a living speciratr placed under water wall 
show that currents set into one and <aut of the other. The 
protective tunic or testy which is thick and gristly in texture. 



T ij: TTJ n»^am to explun structi rc of a simple 
As idnn 1 animal ix see fr m nUit s'dc Milh d trsal 
surf I e to kfi and front ei d a^nic 1 he arrows iiidi> 
-ette course of waier Lurrcniswh htikefotj'l lud sx^ijcn 
Ills m-mth ^ iss thru tjh prrt rili ns 11 ph irynx into 
iiri^l iMt\ tnJ carr> v.a i {.luducts to exterur 
th augh nil j. ce 
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is interesting on account of its chemical composition, as it is 
largely made up of a substance, cellulose, which is almost 
entirely confined to plants. Dissection (fig. 172) fails to show 
the presence of a notochord, and the central nervous system 
merely consists of an elongated thickening or ganglmi, placed 
about half-way between the two apertures, but the pharynx is 
perforated for breathing purposes as in ordinary Vertebrates. 
The mouth, in fact, leads into a large branchial sac or pkarynXy 
perforated by innumerable small holes and suspended in an 
atrial cavity which opens by the atriopore already mentioned. 
There is therefore a general resemblance to the Lancelet in this 
respect, but in this case the intestine also opens into the atrial 
cavity. 

Were we to rely only upon the anatomy of the adult we 
should hesitate before placing the Sea-Squirt among the Verte- 
brates, seeing that it conforms to only one of the three chief 
tests; but the matter is set definitely at rest by a study of the 
development The egg of Ascidia becomes a tadpole -shaped 
larx'a in which a notochord is present, though it is confined to 
the tail, and for that reason is often called a urochord (Gk. 
ottra, tail; ckordd, string), which gives the name Urochorda, 
adopted at the head of this section as the name for the group 
of Sea- Squirts generally. And further, the ascidian^ tadpole 
is possessed of a hollow brain and spinal cord situated on the 
dorsal side of the body, besides which it may be noted that 
the perforations in the pharynx are at first of simple character, 
consisting of paired openings suggestive of the gill -clefts of 
fishes, &c. 

After leading a free life for some time the tadpole attaches 
itself by means of adhesive projections situated at the head end, 
the tail with its urochord gets smaller and smaller and ultimately 
disappears, while the central nervous system is simplified into 
a single solid ganglion. We have, therefore, the remarkable 
phenomenon of an animal which, when young, possesses the 
distinctive vertebrate characters, but loses most of them in the 
adult condition, becoming, so to speak, of lower grade. This 
is a good example of biological degeneration. 

It is a singularly interesting fact that one or two small free- 
.swimming Ascidians, of which the best known {Appendicuhrid) 
(fig. 1 73) occurs in British seas, retain throughout life the tadpole 
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form and the typical Vertebrate characters. It is possible that 
these are primitive forms which retain the features distinctive 
of the ancestral Ascidians, but it is also possible that we have 
a case of animals which have dropped the adult stage out of 
their life-history, just as the Mexican Axolotls appear to be 
doing (see p. 249). 

Ascidians may be divided into F'ixed and Free-swimming 
forms, each of which groups can be again split up into Simple 



and Colonial species. The last expression needs explanation, as 
it involves a phenomenon of which no instance is furnished by 
the animals previously considered. All these are propagated 
solely by means of eggs, but in Ascidians and many of the 
lower Invertebrates there may be increase by means of out- 
growth of buds (gemmation) or by the bodily splitting (fission) 
of individuals to form others. As this suggests similar processes 
among plants, it is commonly known as vegetative propagation. 
A collection of animals which have bee 1 formed in this way, and 
which remain united together, constitute a colony, or are said to 
be colonial. In Ascidians colonies may be formed by means 
of budding. 
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The individuals of Fixed Ascidians «irc of comparati\ ely 
large si/c in the hinipic forms (fig. 171), of which the (‘xainple 
taken is a typical one. 'I'he Colonial forms are nude of 
smaller indi\ idiials, and the colonu's protlurtd m«iy be of the 

most \ar)ing lorm and si/(\ whik the 
degree of unii)n l)('t\v(‘en the numlHrs 
of the colon}' is more or less com[)lcU\ 
In such a native genus, for inst.im.( . as 
Llaitlluia, we find a CTttj)ing sl.il k like* 
')iriRiute from which a nuiiilK r of indi- 
\ iduaU glow up, tsu h ot tlii m bt mg 
( sseiuiall} similar to Asudi.t A g(»od 
t \ample of more* intimate union is loimd 
in (ti; 174 ) whuh ( m oUmi 

l>«‘ fijund at low fdc* .is a bluislt gi 1 i 
iinoir irua upon sU)iv riiul lio'.vii 
sCri weed Imleddcd m this arc star -.h.ip' d groups ol -.m.iil 
indi\ i<lual - 

Among F/n n Cc/f/o lh< ouK Sunil'* fniu .u» 

Appendit uLu'i i \ng 17 ) md ile > I t < oI<m' d ph mSt m 

include da i<mukit»le phnsph > f o ui /V; s ), i wLuh 
shaped like L mip m < omI a *’s » u ' md j.i • ^ p 

of v^hi(h mtM( a jI lx saa »ls(v,li‘i doth ri.« vi*p ion ,.1 ih 
Mc<hierrn'( in 
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creatine whuh no < ommon lume . hig v hu h in.i\ piili.ips 

be called tlu* XMirnhfackd \\<rrn { />(i/(iJio^;loss/t\) (ug. 17A 
It is found at low rifl<‘ niuk in maii\ p.irts of the* woil.k li\mg 
in mud or s.ind which it glues logc du r into ,i sort of u nlporary 
tulxi by means of a slimy lluid jioun d rait fre m th( skin* ( )ne 
sp-,cies is found in the ( 'hrimu I Islands d'he front of tlu bod\ 
is made uj) of a swollen yellow or orange* in colour, 

and capable of ahi ri^'g its sh;i|)e to <i very great degree. It is 
attached behind by a narrow stalk, and the general outline in 
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some species supfgests the term “ acorn-headccl The mauik 
is situated on the under side, at the base of this proboscisu Next 
comes a comp.iratively short region, named from its appearance 
the co/lay, while the rest, and by far the longt'st part, of the 
animal may be t(TnK‘d the triinL On the upper side of the 
trunk, behind the collar, arc a con- 
siderable number ol giU-sliU ar- 
ranged in pairs, and forming the 
e\t('rnal apertures of oill-pouchcs 
which communi(.itt‘ intcTnally with 
the digestive tiil^t . Th(*) n'scmble 

irt many rcspi*cts the cca responding 
structures in the [.an<elel A small 
}iotOihord has <i1m) bcdi ideniilitd, 
but her{‘ ha\e the opposite 
e\tr(nn' h n> is found in an 

yVseidian tadpole, for the siriKtuie 
in ([uestion is .1 sm ill rod whuh 
projects into and supjiorts tlu base 
of the proboscis It is in u ihiy 
a thickened foiwnul outgrowth 
tiom the (li‘’f 4!\ i lulu lud has 
a jM*i uliar nuc » opu A* ik Uin 
whidt is di'^tiin ti\ I ol nolo h‘>rds 
\v h( 1 e\ er tlw \ ai ( ^luad I lu i.n l 
that it grnvv , nut it ih' gut d alsu 
a point ih --iippnii -)t u. noim hordtil 

natuie, foi in iiiou upiial a^ t Laiuicereli the 

n<>tochor<l u .si s is ri iiiiikiniie' in the walT ofe the digestive 
tube. The rtnnaining u st of a \ ( riebrate is altvo* aiiiswered in 
a fairly s,itIsfactor) wa\, fi^r wliat may be de-^mljed as the 
central nenoiis in this creatun is a more or less hollow 

thickening running along the dorsal part of the bixly in the 
collar region. 

There arc certain other more doubtful claim, ints to a place 
in the 1 lemichord.i, but a discussion of their charaettrs would be 
out of place in d preliminary sketch ol die animal kingdom. 




CHAPTER VII 


BACKBONELESS ANIMALS (INVERTEBRATA). STRUCTURE 
AND CLASSIFICATION OF NEMERTINES AND MOLLUSCS 


A brief account of the Backboned or Vertebrate animals hsfe 
now been given, and in accordance with the usual custom from 
the time of Aristotle downwards all the remaining forms»' far 
more numerous than they, may be conveniently lumped together 
as Backboneless animals or Invertebrates, divisible into a number 
of great groups or phyla, each of which is on a footing with the 
phylum Vcrtebrata The lower Invertebrates are so unlike the 
V^ertebrates that close comparison is not possible, but there ar(' 
certain features which broadly serve to mark off a highei In- 
vertebrate from a typical backboned animal. These are, to a 
large extent, implied in the summary given previously (pp. 60-63) 
of the chief Vertebrate characters, but it may be useful at this 
point to take such a form as a Cray Fish or Lobster and point 
out the distinctive features in question (fig. 176). 

The body of a Lobster has the same two-sided or bilateral 
symmetry as that of a Vertebrate, and there is a clear distinction 
between front (anterior) and back (posterior) ends, upper (dorsal) 
and lower (ventral) surfaces, and right and left sides. The body, 
too, is segmented, or divided into a number of similar parts from 
before backwards, as in, say, a Lancelet This is evident ip the 
Lobster’s tail. It must not, however, be hastily assumed that 
a segment of a Lobster is the exact equivalent either of a Verte- 
brate segment or a segment in an Invertebrate from another 
group. 

Now come a number of important differences. A large 
number of jointed Rmbs are present, arranged in pairs, w^ile a 
Vertebrate has at most two pairs of limbs, though these^ may 
differ in nature in different animals, and in the simplest case, 
that of fishes, are unjointed fins. The limbs are modified for 
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various purposes. The most obvious are those which end in 
the large pincers, behind which four large pairs of walking- legs 
are apparent. Under the head are a number of overlapping 
limbs, turned somewhat forwards, which guard the mouth and 
act as jaws. In a Vertebrate the jaws are part of the bony 
framework of the head, helping to bound the mouth-cavity, and 
the lower jaw works up and down. But the limb-jaws of the 
Lobster are outside the opening of the mouth, and from the nature 
of the case work against one another from side to side. To realize 
this, raise your hands to your mouth and “clap” them together, 
which * will give an idea of the way in which one pair of the 
Lobsters jaws are worked. Six pairs, however, are present 
in all. 

By combining the knowledge obtained by dissecting one 
Lobster from the side and making a cross-section through another, 
the follow’ntr distinctive characters of higher Invertebrates can be 
easily verified: — 

I. There is a protective external skeleton (exoskeleton) but 
no internal skeleton (endoskeleton), i.e, nothing can be discovered 
equivalent to the skull, backbone, &c., of, say, a Perch, or to the 
notochord of a Lancelot. The absence of endoskeleton modifies 
the structure in many ways, as, e.g., in regard to the attachment 
of muscles. In such a limb as the human arm the numerous 
muscles are attached to the bones, but in a Lobster's leg they 
are attached to the firm 

A 

is not a 

double but a single tube in 
structure. 

3. The side-walls of the 
digestive tube are not per- 
forated by gill-slits. 

4. The heart is situated 

^ .Fig 176 — DiagrammAtic Cws-sections through, A, a Verte- 

(iorsallyy the exact opposite hMte, a, a higher invertebrate 

of the Vertebrate condition. 

5. The nervous system consists of a ring surrounding tne 
gullet, and continued backwards into » ventral nerve-cord. The 
dorsal side of the ring is thickened into a double brain or cerebral 
ganglion. A very large number of Invertebrates possess such 
a nerve-ring and ventral cord, while many more have the ring 


exo-skeleton. 

2. The body 
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though not the cord. In no Invertebrate does the central nervous 
system consist, as in Vertebrates, of a hollow cord running along 
the dorsal side of the body. 

The contrasts between a Vertebrate and a higher Invertebrate 
are illustrated by the accompanying diagrams (fig. 176). 

The following groups or phyla of the Invertebrata are recog- 
nized. It must not be imagined, however, that they are anything 
like of equal size, for some are exceedingly large, while others are 
relatively small. 

I. Ncmertines (Nemkrtea). — W orm-like marine forms, which in some 
respects approach the Chordata in structure. 

II. Molluscs (Moli.usi a), including such forms as Cuttle-Fishes, Snails, 
Slugs. Oysters, and Mussels. 

III. Jointcd-linibed Animals (Arthrdpod.v), the largest group of the 
animal kingdom, comprising such creatures as Insects, Scorpions, Spiders, 
and Mites; Centipedes and Millipedes; Shrimps, Lobsters, and Crabs. 

IV. Segmented Worms (Annflii>a).- A large group of forms, in- 
cluding innumerable Marine Worms (free-li\ing and tube- inhabiting), 
Karth-Worm.s, Fresh-water Worni.s, and Leeches. 

V. Siphon- Worms (Gepiiyrea). 

VI. Wheel Animalcules (Rotipera). 

VII. Moss- Polypes and Lamp-Shells (Molluscotda). — The great 
bulk of these are fixed marine animals, and those belonging m the first 
group arc nearly all colonial. 

Vm Flat-Worms (Pi \1 mielmia). — T he most familiar of the forms 
grouix'd here arc the Flukes and Tape-Worms, which arc found as para.sitcs 
within the bodies of other animals. 

IX. Thrcad-Woi ms (Nl matiielmia). — T he name of the group indi- 
cates the shape of the.se creatures, most of which are parasites, cither in 
plants or else within the todies of other animals. 

X. Echinoderms (E( i ixodekmata). — T his phylum is constituted by 

such marine forms as Fishes, Sea-Urchins, Sea -Lilies, and Sea- 

Cucumbers. 

XI. Zoophytes (CfKLhNTERATA).— Mostly marine animals, which may 
be either simple or colonial, fixed or free-swimming. Familiar exafnples 
are Jclly-Fi.shcs, Sea-Anemones, and Corals. 

XIL Sponges (Porifera). — M ostly' marine, colonial, and fixed. 

XIII. Animalcules (Pr<^)TOZOA), — This lowest phylum includes an 
immense number of simply-constructed animals, which are nearly always 
very small or microscopic in size. They are found almost everywhenc, but 
are unfamiliar to those who are not in the habit of using the compound 
microscope. 
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A brief survey will now be made of these thirteen phyla, but 
many particulars regarding them will be found in other parts of 
this work. 


NEMERTINES (Nemertea) 

Although the worm-like forms which belong here have a 
wide distribution, and are particularly common between tide- 
marks on almost all coasts, they are nevertheless practically 
unknown except to the professed naturalist, and have received 
no common names. There are some forty British species. The 
\ast majority are marine, and either shore or shallow- water forms, 
but they arc also represented in fresh water and even on land. 
They ha\^e l>een given here the first place among Invertebrates, 
in deference to the views of many zoologists, in whose opinion they 
come !>(' h to the Protochordates. 

rhe Ixidy of a typical Neinertine (fig. 177) is cylindrical, and 
presents no tnice of segmentation. It may be only a small 
fraction of an inch in length, or in other cases many yards long, 
A common British form {/linens mar inns) is one of the sf)ecies 
which are extremely elongated, and it may not infrequently be 
found under stones, with its slimy black body twisted up into a 
complicated coil. Other species may be more or less brightly 
coloured. 

The mouth is a small oval opening on the under side of the 
head eiul, while the aperture of the intestine is at the extreme 
tip ef the tail. Close examination will show that above the 
mouth on the front end of the body there is a small pore, and 
in a living specimen a narrow thread may sometimes be seen 
to shoot out from this pore, through which it can again be 
drawn back into the body. This thread is known as the 
proboscis, and, as described elsewhere, it is used as a means of 
killing nr paralysing the marine worms upon which a Nemertine 
chiefly feeds. When within the body it is enclosed in a special 
.sheath which overlies the digestive tube. The proboscis is 
hollow, and the way in which it is protruded and again drawn 
back may be understood by taking the somewhat hackneyed 
illustration of a glove with one finger. If this finger be pulled 
back into the main glove by turning it outside inwards, we shall 
have a rough model of the proboscis when lying within the body. 

VoL. JU , 20 
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If now the finger be pushed out, it will represent the extended 
proboscis. The pulling in is effected by means of a muscle band 
which runs along the interior of the thread and is attached to 
its tip, while the pushing out is the result of fluid being squeezed 
into the thread from its sheath. This kind of principle is utilized 
elsewhere in the animal kingdom, and a very familiar example 



rtg 177 — Structure of a Nemertiae (dtagrainuatic) 

A, Side view, internal organs wn by transparency B, View from above of front end position of mouth 
and beginning of gut indicated by the dotted line c. Cross section 


is found in the “ horns ” of the common Snail, which can either 
be stretched out (as immortalized in the nursery rhyme wherein 
the adventures of certain snail-hunting tailors are set forth) or 
withdrawn into the body at will 

Reasons have been adduced for thinking that the probdscis- 
sheath is comparable to a notochord, and the proboscis to a 
curious little structure attached to the under side of the brain in 
Vertebrates, and known as the pituitary body. 

The central nervous system of a Nemertine is interesting in 
many ways. It consists of a nerve-ring^ which encircles the front 
end of the proboscis, and not the digestive tube as is usual among 
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Invertebrates. Each side of the ring is thickened into a ganglion, 
from which a lateral nerve-cord runs along the corresponding side 
of the body, while there is a much more slender nerve running 
back in the middle line above from the upper side of the ring. 
This dorsal nerve has attracted a great deal of attention, for it 
has been compared to the spinal cord of a Vertebrate, though, 
unlike this, it is solid. 

MOLLUSCS (Mollusca) 

Molluscs include such familiar shell - fish as Periwinkles, 
Oysters, Cockles, and Mussels, as well as soft-bodied animals 
like Cuttle-Fishes, to which the term Mollusca (Lat. niol/is, soft) 
was originally applied. 

Examination of such 4 typical form as the Ormer or Sea- 
Ear {Haliotis tuberculaia), which is common in the Channel Isles, 
will give some idea of the characters of Mollusca in general, 
and of the special subdivision to which this particular sea-snail 
belongs (fig. 178). 

External Charcuters, — The most obvious feature is the 
presence of a large external shell covering the upper side of the 
body, from which it cannot be detached without cutting through 

a large rounded fleshy mass, the shell-muscle. The shell is 

not symmetrical, for a row of holes can be seen running along 

near its left margin, cmd on the right side at the back a spiral 
twist can be made out Turning the animal over, a huge fleshy 
mass with a flattened surface is seen projecting from the under 
side of the body. By means of this foot the Ormer is able to 
adhere to rocks like a Limpet, and to crawl about like an 

ordinary Snail. A foot in some form or other is characteristic of 
all Mollusca, and it must be understood that the word is here 
employed with a special meaning of its own. Projecting in front 
from above the foot a short head can be seen bearing a blunt 
snout, at the end of which the mouth is placed, and a pair of 
pointed feelers or tentacles, which are solid, and cannot therefore, 
like those of a common Snail, be withdrawn into the body. Seen 
from below, the body of the Ormer is bilaterally symmetrical, and 
the twisted condition of its upper part is a special condition 
characteristic of snail-like forms in general. 

On removal of the shell by cutting through the shell- 
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muscle the soft upper part of the body in which a large part of 
the viscera are contained will be exposed, and it will be noticed 
that this visceral hump, as it has been called, is twisted behind 
in correspondence with the twist in the shell. Skirting the 
visceral hump is a flap, produced by a pulling out, so to speak, 
of the body wail, and known as the mantle. In the Ormer it 
is narrow for most of its extent, but is very well developed in 
the part underlying the row of holes in the iihell, where it roofs 
in a large mantle-cavity, which has a long slit-like aperture above 
and a wide opening in front about the head. That this mantle- 
cavity should freely communicate with the exterior is very 
necessary, for not only does it contain the breathing organs, but 
the intestine and the kidneys open into it A very small amount 
of dissection reveals the presence of the breathing organs in 
the form of two plume-like gills attached along their sides, and 
having their tips pointing forwards. The projecting end of the 
intestine will also be seen, and right at the back of the cavity 
two small holes by which the kidneys open. 

Just behind the mantle-cavity the heart is situated, consisting 
of a central ventricle, which pumps purified blood from the gills 
through arteries which come off from it fore and aft, and of a 
thin-walled auricle on either side. The ventricle is folded round 
the intestine, a noteworthy peculiarity, though one not known 
to have any physiological meaning. A heart like this,*‘which 
contains pure blood only, is said to be systemic, and it should be 
noted how markedly it differs from the heart of an ordinary fish, 
which contains impure blood only. The complex heart of a Bird 
or Mammal is physiologically equivalent to both these varieties 
of heart, for its right half receives impure blood and pumps it 
to the breathing organs, while its left half is concerned with the 
reception of pure blood from those organs, and the distribution 
of the same to the general system. 

The digestive organs of the Ormer consist of a long digestive 
tube with large glands opening into it, and including pharynx, 
gullet, stomach, and intestine, the last, as already noted, ending 
in the mantle-cavity. Particular interest attaches to the pliarytix, 
or' buccal mass, which is partly modified into a complex rasping 
organ (odontophore), characteristic of two great groups of the 
Mollusca It essentially consists of a rounded cushion rising from 
the floor of the pharynx, over which is stretched frorti front to 




Fie 178.— StnKfun of iIm Ormcr {Naii^ht) 

A, SMI fiiM akovo. % SenldiagnuMnMic ykm fnm aboive after removal of shell The roof of the Baatle^BVttjr 
has beea cut away aad the beait expoeed The naaO left kidney {unshaded} ‘uid hinder part of large right kidney 
^shaded shown by tranqiaianey c. Digcsiive organs, o Diagram of nervous system. 
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back a horny ribbon, the raduUiy beset with f-ansverse rows of 
flinty teeth. This ribbon, often called the “tongue ’* or “palate ”, 
has often been compared to a finger-nail, and as worn away it 
constantly grows forwards from a projection (radula sac) at the 
back of the pharynx, just as the finger-nail does from its root. 
A fuller account of this organ will be given in another place. 

The kidneys of the Ormer are two irregular brown bodies, 
opening as described. The left one is very small, and would 
seem not to act as a kidney at all. 

There arc certain characteristic features of the nen^aus system 
which require notice. It consists of a nerve-ring surrounding the 
beginning of the digestive tube, and of other connected parts. 
The upper part of the ring consists of a transverse band con- 
necting two swellings, the brain (or cerebral) ganglia, and from 
each of these two cords run downwards to constitute one side 
of the ring. The outer cords end below in a pair of lateral 
(or pleural) ganglia, and the inner cords in a pair of foot (or 
pedal) ganglia, which are united together in the middle line so 
as to complete the ring below, while each lateral ganglion is 
also connected with the adjoining foot ganglion. From the 
brain ganglia, nerves run off to the sensitive parts of the head 
including the tentacles, and strong nerves to the foot run back- 
wards through the substance of that organ from the foot ganglia. 
There still remains to be described a ncn^e-loop, which connects 
the two lateral ganglia and gives off nerves to some of the 
internal organs. It is a nerve-cord which, starting from one 
lateral ganglion, runs obliquely backwards, and, turning round in 
a curve at the level of the hinder end of the mantle - cavity, 
sweeps forwards again and takes an oblique course to the other 
lateral ganglion, taking altogether a course which may be compared 
to the figure 8. Three ganglia are seen as swellings upon this 
loop, one close to each gill, and the third at the back end of 
the 8. The curious course of the loop is one result of the 
twisting of the body which has affected both the visceral hump 
and shell. 

The most important organs of sense are the tentacles, which 
have to do with toifch, so-called organs of hearing, consisting 
of a pair of little rounded sacs attached to the foot ganglia, 
and two small cup-shaped eyes, one at the base of each tentacle. 
There is also a special sense-organ connected with each gill, 
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which is generally considered a kind of organ of smell, entrusted 
with the duty of testing the quality of the water which enters 
the pallial cavity. It is termed the osphradium. 

The preceding account of the Ormer illustrates the most 
prominent characters of Mollusca generally, which are: (i) the 
absence of segmentation, (2) the presence of a mantle, (3) the 
muscular foot, (4) the systemic heart, (5) plume-like gills, and 
(6) a nerve-ring surrounding the first part of the digestive tube. 
The vast majority of Molluscs either possess all these characters 
or else a sufficient number of them to leave no doubt as to 
how they should be classified. Other very common, though by 
no means universal, characters of the group are the presence 
of a shell and development of a rasping organ (odontophore). 
Large numbers of Molluscs are also distinguished by the 
bilateral symmetry of their bodies, and though the Ormer is 
not one of these, it is, as already pointed out, symmetrical so 
far as the lower half of the body is concerned. 

Five classes are recognized among Mollusca, as follows: — 

1. Head -footed Molluscs ^Cephalopoda), including the Pearly 
Nautilus, Cuttle-Fishes, Squids, and Octopi. 

2. Snails and Slugs (Gastropoda). 

3. Bivalve Molluscs (Lamellibranchia), including forms with the 
shell in two pieces, e.g^ Oyster, Mussel, and Cockle. 

4. Tusk-shells (Scaphopoda). 

5. Proto- Molluscs (Amphineura), a small group of which the only 
common member is Chiton, distinguished by the possession of eight over- 
lapping shelly plates on the upper surface of the body. 

Class l— HEAD-FOOTED MOLLUSCS (Cephalopoda) 

As a good type for description we may select the Common 
Cuttle-Fish {Sepia officinalis), one of our native species, which 
preys upon fishes and Crustacea in shallow water, and is a free- 
swimming form (fig. 179). 

External Characters, — The body is bilaterally symmetrical, 
and at one end of it the mouth may be seen, provided with a 
pair of horny jaws resembling those of a parrot, and surrounded 
by ten arms or tentacles, of which two are very long and can be 
drawn back into special pouches. The inner sides of the eight 
short arms are studded with adhesive suckers, and each long 
arm swells at its end into an oval pad, one side of which is 




hump, uj^wards and backwards as shown in the diagram (a). It 
will then be clear that the long axis of the body is pretty nearly 
at right angles to the direction corresponding to the long axis 
in the Ormer. The long visceral hump will possess two gently- 
curved sides facing respectively forwards and backwards, and 
two sharp edges placed right and left and margined by a fin^like 
expansion. The next point will be to find mantle and foot The 
former is readily made out running round the edge of the huge 
visceral hump at its lower end, just above a narrowed “ neck ” 
indicatii^ the boundary of the bead Most of it is at the hack, 
where it constitutes the hinder wall of a large mantle-cavity^ 
into which a large sUt-like opening Iead& The foot has grown 
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round the head, and chiefly consists of the ten arms or tentacles. 
It is from this peculiarity the name of the class is derived 
(Gk. kephalm, a head; pous^ a foot). Just above the back of the 
head, and projecting from the opening into the mantle-cavity, 
will be noticed a muscular conical tube, the funnel, by the 
ejection of water through which the Cuttle-Fish is able to swim 
rapidly backwards. It will be observed that the mantle-cavity 
is here at the back, while in the Ormer it is in front, one result 
of the twisting which the visceral hump of that animal has under- 
gone. In its natural position, whether resting on the sea-bottom 
or swimming, the front side of the head and visceral hump is 
directed upwards, and this side is much darker than the other. 
It may be taken as a general rule that the surface of an 
animal habitually facing in this direction is the darkest part 
of the body, though its actual nature varies in different animals. 
Here it is the front side, but in a Dog-Fish it is the true upper 
or dorsal ,side, and in a flat-fish either the right or left side 
according to the species (see p. 279). One peculiarity of the 
Cuttle-Fish’s skin is especially noteworthy. If a living specimen 
is watched, it will be seen that beautiful purplish flushes of colour 
sweep over the body from time to time, leaving it comparatively 
pale in the interval. The cause of this is to be sought in the 
presence of innumerable little rounded colour-bodies (chromato- 
phores), which, under the control of the nervous system, vary 
in size. When reduced to their smallest dimensions the skin 
is pale, but when fully expanded it is dark. A similar pheno- 
menon has been described for the Frog (p. 251), where, however, 
the colour changes are comparatively slow. 

Cutting open the mantle-cavity, we shall find similar parts 
and openings to those described for the Ormer (p. 308). In 
the middle line there is the projecting end of the intestine, and 
on either side of this a kidney aperture, while a plume -like 
gill is to be seen on either side. As is well known, the Cuttle- 
Fish and many of its allies are able to eject an inky substance 
into the surrounding water as a means of protection. This ink 
is formed within a rounded ink-bag, and carried off through a 
slender tube which has a common external opening with the 
intestine. 

The front side of the visceral hump has imbedded in it a 
broad “ cuttle-bone ”, composed of overlapping layers of cal- 
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careous material. This is to be regarded as a shell, and is not 
internal in the same sense as the internal skeleton j of a Verte- 
brate, for it is inclosed in a pouch of the skin which has lost the 
opening to the exterior probably possessed by ancestral forms. 
Some Molluscs still exist in which the shell is almost but not 
quite covered by folds of the skin which have grown over it. 

As regards the internal structure of the Cuttle-Fish, it need 
only be remarked that there is a very Urge ras/>{ng organ 
(odontophore) ; a systemic hearty consisting of a ventricle and 
two auricles; and a nenw-ringy swollen into very large ganglia 
and protected by a cartilaginous case. 

The eggs are enclosed in oval cases which are united together 
into masses, that have been compared to bunches of grapes in 
appearance, and which are among the common objects cast up 
on the sea-shore. 

Cephalopods are divided into two sub-classes, named, accord- 
ing to the number of gills: i. Dibranchiata (Gk. dis twice; 
branchia, gills), of which the Cuttle-Fish is an example; and 
2. Tetrabranchiata (Gk. tetra, four; branchta), of which the only 
living representative is the Pearly Nautilus. 

Sub-class i.— Cuttle-Fishes (Dibranchiata) 

This sub-class is again divided into two groups, Decapoda with 
ten arms, and Ociopoda eight. The former includes the 

Cuttle-Fishes, of which Sepia is a type, the Squids, and Spirula. 
Squids, or, as they are sometimes termed, Calamaries, have an 
even wider distribution than Cuttle-Fishes, for they are not 
only found in coastal waters, but are also pelagic, i.e. living in 
the open sea, where shoals of them are met with. A common 
Atlantic and Mediterranean species which abounds on our shores 
is the Common Squid {Loligo vulgaris). This animal is of more 
slender build than the Cuttle-Fish, and a large triangular fin 
projects from each side. The shell or “pen is a narrow horny 
structure, shaped like a lance-head. The old name Calamary 
for creatures of the kind was given in allusion to this ‘‘pen” 
(L. calamuSy a quill), its shape being compared to a short quill. 

Some of the Squid family attain gigantic dimensions, 
and there can be little doubt that specimens of the kind are 
largely responsible for the numerous tales and legends which 
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exist regarding a supposed marine monster, the Great Sea 
Serpent, or Kraken. Actual measurements which have been 
made from time to time of bodies or portions of the bodies of 
such creatures leave no doubt that a total length of over 50 feet 
may be attained, the greater part of this, however, being taken 
up by the long arms. Gigantic Squids of the 
kind are sometimes cast ashore on the western 
coasts of Britain among other localities. 

Spirilla (Big. 180) is a small animal in which 
the shell is spiral and divided into numerous 
chambers by transverse partitions. It is partly 
enclosed in folds of the skin. The animal itself 
is but rarely met with, though its shells are 
common on Pacific shores and may be seen in 
most museums. 

I'hc Ulupcihy or 8-armed Cephalopods, differ 
from the Cuttle-Fishes and Squids in the absence 
of the two long arms, besides which they are 
entirely devoid of an internal shell. The visceral 
hump is short and rounded, and the suckers on the arms are 
unstalked. The group includes the Octopi and their allies, and 
the Paper Nautilus or Argonaut, 

The Common Octopus {Octopus vulgaris) is common on 
rocky shores on the margins of both Atlantic and Mediterranean, 
lurking in crevices, crawling by means of its sucker -studded 
arms, or swimming swiftly backwards like the Squids. Each 
arm Is provided with two rows of suckers, while in an Octopod, 
common on British coasts, Elcdone mosekata, there is only one. 
The specific name of this particular species, which is eaten by 
the Italians, has reference to the strong musky odour of the 
animal. 

Some Octopods attain a very large size, though they are 
inferior to Squids in this respect Large specimens are reputed 
to be common on the shores of the island of Sark in the 
Channel group, and a well-known description of an imaginary 
combat with one of these is given in Victor Hugos Toilers of 
the Sea, 

The Argonaut or Paper Nautilus {Argonauta argo) is a pelagic 
form, common in the Mediterranean, in which the female is pro- 
vided with a thin cap-shaped shell, which is symmetrical, and 
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lai^ enough to contain the entire body of the animal. It is 
mainly secreted by the inner surfaces of two of the arms, which 
are dilated at their ends into large lappets. By means of these 
the animal holds on to the shell, which is not attached to it by 
any muscular or fibrous tissue. 


Sub-class 2 — Pearly Nautilus (Tetrabranchiata) 



The only living representative of this is the Pearly Nautilus, 
of which the best-known species (Nautilus pampiltus) (fig. i8i) 
has a wide distribution in the Indian and Pacific Oceans. The 

animal is enclose 
in a large spiral 
shell, of which the 
coiled - up portion 
projects forwards 
towards the ani- 
mal’s front end. 
The body does not 
occupy all the shell, 
for a considerable 
part of this is di- 
vided into a series 
of gas -containing 
chambers by means 
of curved parti- 

T\g xti H^aaukmiNmmhlmM pmmpUuu). TIm left half of m tionS COIlCave tO- 

AeO has bees raaoved 

wards the external 

aperture. The last and broadest part forms a body-chamber in 
which the animal is contained, the rounded end of its visceral 
hump resting against the concave surface of the last partition. 
The shell grows in size by successive additions to its aperture 
or mouth in accordance with the growth of the animal, and at 
the same time the older part of it is from time to time cut 
off by formation of a new partition, the body slipping forwards, 
as it were, so as to permit of this. The old chambered part 
of the shell is not, however, entirely devoid of soft parts, for 
each partition is perforated in the middle by a hole continuous 
with a short tube directed away from the body-chamber, aild in 
this way a hollow structure kne^ as the sipkuncle is cpnstituted. 
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which is traversed by a fleshy cord, continuous almost like a 
tail with the rounded end of the visceral hump. This is also 
connected with either side of the body-chamber by means of a 
broad shell-muscile. The shell consists of an external membrane 
exhibiting brown and white marking, a white porcelain-like layer, 
and an internal layer possessing a beautiful pearly lustre, the 
appearance of which has suggested ^he ordinary name of the 
animal. 

The foot is not constituted by long tentacles or arms as in 
the Cuttle-Fishes, &c, but consists of a number of lobes upon 
which are borne a lai^e number of slender adhesive tentacles, 
the tips of which can be drawn back into sheaths. A funnel 
is present as before, but instead of being a complete tube it is 
made up of two halves which are rolled upon each other. Within 
the mantle-cavity, which occupies the same relative position as 
in a Cuttle, Fish, there are four instead of two plume-like gills, and 
in correspondence with this the heart has four auricles, one for 
receiving the purified blood from each gill, and there are four 
instead of two kidneys. The eye is of extremely simple structure, 
and has been compared to a pin-hole camera, consisting as it 
does of a deep cup, which would be closed externally were it not 
for the presence of an extremely small rounded aperture like a 
pin-hole. 


Class 2.— SNAILS AND SLUGS (GASTROPt)DA) 

The Ormer already described (pp. 307-31 1) belongs to this 
class, that includes a very large number of species, of which the 
vast majority arc distinguished by the presence of a head bearing 
tentacles, a flattened creeping foot, and a shell which consists of 
only one valve or piece, and is therefore said to be univalve. 
The class is split up into smaller divisions as follows; — 

Sub-class I. — Streptoneura (Prosobranchia). 

Order (i). Comb-gillcd Snails (Ctenobranchia). 

Order (2). Shield -galled Snails (Aspidobranchia). 

Sub-class 2, — Euthyneura. 

Order (i). Hind-gillcd Snails (Opisthobranchia). 

Order (2). Lung Snails and Sltigs (Pulmonata). 
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Sub-class I. — Streptoneura (Prosobranchia) 

This subdivision of Gastropods is partly founded on the 
course taken by the nerve-loop which is attached to the nerve- 
ring. It is here twisted, as, in the Ormer (see p. 310), into 
a shape resembling the figure 8. Another important feature is 
afforded by the gill or gills which, when present, are in front of 
the heart, as again in the Ormer (see p. 308). These Molluscs 
may therefore be termed ‘‘ fore-gilled ” or prosobranch (Gk. pro, 
in front of; branchia, gills). They include most of the marine 
snails which are to be found on the sea-shore. On the shape 
of the gills, among other characters, the two orders of the sub- 
class are marked off from one another, (i) Cotnbgilled Snails, 
with a single gill consisting of an axis bearing a series of small 
flattened plates, comparable to the teeth of a comb; and (2) Shield- 
gilled Snails, in which there are two series of such plates, one on 
each side of the gill-axis. In some members of the second order 
two gills are present. 

Order (i). Comb-gilled Snails (Ctenobranchia). — This order is 
divided into no less than fifty-nine families, so that space will 
prevent more than a brief notice of a few common forms. 

Probably no sea-snail is more familiar than the Periwinkle 
(Lillorina lillorea), common on the rocks between tide-marks, 
and illustrating a nun}ber of points in which the members of 
the ordeir differ from the Ormer and related forms. The thick 
rounded shell is obviously spiral, and the visceral hump it covers 
is of the same shape. The spiral, as in most snails, is a right- 
handed one, i.e. with its turns running in the same direction as 
an ordinary screw or corkscrew, so that if the shell be placed on 
end with apex above, its turns or whorls will be seen to slope 
up from left to right. The most primitive Molluscs known are 
bilaterally symmetrical, devoid of a prominent visceral hump, 
and with a posterior mantle-cavity into which the intestine, &c., 
open. Such spirally-twisted forms as Periwinkle have apparently 
arisen from simple forms of the kind by development of a visceral 
hump, together with a strong shell to cover it, and also to serve 
as a shelter into which the animal might withdraw itself. At 
the same time twisting took place, perhaps as a result of the 
weight of the parts, and the result has been that mantle-cavity, 
end of intestine, gills, heart, ‘ and kidneys have been brought 
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round to the front (fig. 182). It is at any rate pretty clear that a 
spiral hump and shell are more compact and convenient than a 
much elongated hump covered by an extinguisher-shaped shell. 
In most cases the twisting, as viewed from above, has taken place 
in a direction opposed to the hands of a watch, but in some few 


snails the opposite has been 
the case, so that the spiral shell 
is left-handed. 

A little observation at the 
sea-side will show that Peri- 
winkles are in the habit of 
creeping about on the rocks, 
feeding on sea-weed, from 
which they are able to scrape 
small pieces by means of the 
rasping organ I'he part of 
such an animal which protrudes 
from the shell will be seen to 
be bilaterally symmetrical, and 
to mainly consist of a foot much 
smaller than that of the Ormer 
(see p. 307), and a head pro- 
vided with a prominent snout 
and two tentacles, each of which 
bears a small eye at its base in 
the form of a black spot. The 
projtcting hind-end of the foot 



bears upon its upper side a 
horny plate, the opcraihim, 
A\hich when the animal is com- 
pletely w^ithdrawn into the shell 
l)y means of the shell -muscle 
stops up the aperture, thus 


Fig i8a — Dngram of i ComT> gHled Sniil seen from aliove. 
The rouf of m inik l tvu\ and overlying shell supposed 
tniispireni 

I Mouth brTin ginglion ih, nerve rord connecting 
side ganglion ihovc with foot ganglion below 3 one of 
the three giiit,lia on the twisted nerve loop 4 gill os- 
phr'tdium 5, cpetiing of intestine 6 heart in peneardiiim 
8 a gland (purfde gluid in Purpuri g, siphon 10, 10, foot, 
1*, opcreuluin 


guarding the only weak point in the defences. The operculum 


corresponds in shape with the aperture or mouth of the shell, which 


here, as in vegetarian snails gene^all)^ possesses a continuous 


margin devoid of any notch. 

Examination of the mantle - cavity and the related organs 


will show several important points of difference from the Ormer 
(see p. 308). As before, the l^st part of the intestine can be 
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seen, lying, however, well over on the right side, while on the 
left there is a single gill with the comb-like shape characteristic 
of the order, and running alongside it a projecting ridge, the 
water-testing organ (osph radium). The heart is placed imme- 
diately behind the gill, and has but one auricle, placed in front 
of the ventricle, which is not folded round the intestine as in 
the Ormer. It is indeed exceptional for the intestine of a snail 
to run through the heart, though it is characteristic of bivalve 
molluscs. There is but one kiihiey in the Periwinkle. oi;ening 
into the- back of the mantle-cavit) . on the left-hand side. I'he 
suppression of one gill, auricle, and kidiu^y is believed to l)e one 
result of the twisting of the bod\. though exactly vvh) is uncerUiii*.. 
They have perhaps been subjectc‘d to pressure, and so to speak 
squeezed (3Ut of existence*. Tlu* twisting of the vi.sceral loo[) in 
the nervous system is another result <y( the coiling of the bod) . and 
this is easily understood. 

Two spr'cies closely related to the Periwinkle are common 
on British coa.sts. In one {Littorina nniis) the coiled apex or 
.spire of the shell is very short. Fhe other {L. obtiiscRa) is a 
small form, varying in colour from greenish-brown to orange- 
yellow, and entirely devoid of a [)roj(*cting spire, the apex of the 
.shell being rounded off .so as to mak(* the general outline of the 
.shell spheroidal. It is common on the brown seri-weecH/v/^z/.s) 
with which 'tween-tide rocks are often thickly covered. 

The River-Snail {Pahidina), common in th(* streams of this 
country, is .spmething like the IVriwinkle in general shape, but 
it is a good deal larger and the* shell is much thinner. 

Living side by side with the Periwinkle on (3ur .‘ocks will 
be found the Purjjle Snail {Ihii'pnra lapiUus), with a dense tingular 
white shell extremely unlike the rounded covering of the former 
species. It belongs to a different family, and is a good example 
of a carnivorous sea-snail. The mouth of the shell is notched 
at its front end, i.e. the end away from the spire, for the trans- 
mi.ssion of the siphon, a spout-like prolongation of the mantle 
by means of which water enters the mantle-cavity. The Purple 
is one of the forms in which the pharynx with its rasping organ 
is situated in the end of a long proboscis, that is retracted when 
not in use. The typical genus of this particular family is 
many of the tropical species of which possess extremely beautiful 
shells, covered with long spines and having the front angle of 
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the mouth drawn out into a long canal for the reception of the 
siphon. Tyrian purple was obtained from species of Murex 
and Purpura, the organ yielding it being a gland in the roof of 



Fig 183 — Whelk Bucctnum a a, ieutacicv / !.iphon <, upcrculum 
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the mantle-cavity, of which the juice turns purple on exposure 
to sunlight. 

The Common Whelk {Bticcimnn itndatuvi) (fig. 183), inhabit- 
ing both shallow and deep water around our co,ists, closely re- 
sembles the Purple in structure, 
but is very much larger. 

As examples of other families 
may be mentioned - Mitre-bhells 
( 71 // /ra), Volutes [\^olutci), Olive- 
Shells (pliva) (fig. 184), Harp- 
Shells {IIa 7 'pa), Cone -Shells 
(Conus), Turret- Shells (Turritella), Wing- Shells (Stro?nbus) 
(fig. 185), Helmet-Shells (Cassis), and Cowries (Cyprcca) (fig. 186). 
In many of these the shells are extremely handsome, and occupy 
a prominent place in museums and private collections. 

Special mention must be made of the Heteropods, a group 
of comb-gilled snails which swim freely in the open sea. The 
body in these pelagic forms is transparent, and the foot is a 
laterally-flattened fin-like structure, by meain of which the animal 
swims back downwards. ,The shell may be spiral (Atlanta) or 
cap-shaped (Carinaria), but in some cases (Pterotrached) is 
entirely absent. 
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Order (2). Shuld-gtlled Snatls (Aspidobranchia) — As already 
mentioned, these forms possess a gill or gills in which the axis 
has a senes of plates on either side The primitive bilateral 



Fijf 185 — Stromboi 

a Probosas b noich in fthei) mouth r eye htani g tentacles d fo(t f operculum 


symmetry of the body has not been disturbed to the same extent, 
lor both right and left gills, auricles, a'ld kidneys may;, be present 
There are fifteen families, of which one, the TrochcLr, repre- 
sented by twenty British species, may be taken as representing 

forms with well coiled shell, 
the colours and markings of 
which are ofien of extreme 
beauty Two auncles and 
kidneys are present, but 
only one gill 

The Ormcr {ffahohs 
tubercu/ata), already de- 
scribed (pp 307-31 I ), IS 
the type of another fanWy, 
and, as we have seen, it 

tig iMi— Cowry C j/rwrt , 

possesses two auncles, gins, 
and kidneys There is good reason to believe that it is descended 
from forms possessing a well-coiled visceral hump, covered by a 
shell of corresponding shape, and large enough to serve as a 
retreat into which the animal could withdraw itself at the approach 
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of danger. Although the hump and shell still retain a certain 
amount of twisting they have been flattened out to a large extent, 
and the shell no longer serves as a refuge. This, however, is 
made up for by the immense size of the foot, by which the animal 
can adhere firmly to the rock, at the siime time pulling the shell 
down so as to cover the exposed parts. 

In the much smaller Key-hole Limpet {^Fissnrclla Gi'ccca) of 
the Mediterpineaii the visceral hump is completely flattened out, 
and the shell is conical, with a hole at the apex communicating 
with the mantle-cavity. It possesses two gills, &c., like the 
Ormer. 

In John Knox's Limpet {jicnuca tcstndinalis), not uncommon 
on certain parts of the British coast, still further changes have 
taken place, for there is only one auricle and a single gill. Nor 
does the intestine pass through the heart, as is the case in the 
shield - gilled forms so far mentioned. The Common Limpet 
{Patella imlgata) agrees with this species in most respects, but 
has lost both* the gills, at least as functional breathing -organs. 
If the small mantle-cavity lying above the neck be cut open the 
end of the intestine will be seen projecting into it, and on each 
side of this the opening of a kidney. On the floor of the cavity 
are two little orange-coloured projections, examination of which 
as to structure and nerve-supply shows that each represents the 
vestige of a gill covered by its water-testing organ (osphradium). 
The Limpet, however, does possess gills, though of another kind, 
which are seen as a large number of flattened plates running right 
round the body well above the foot and overhung by the mantle 
skirt, which is a well -developed continuous flap. Since these gills 
are not the equivalents of the ordinary plume-like gills characteristic 
of Molluscs they are termed secondary gills. This use for the 
word secondary is a common one in zoology. 

At first sight a Limpet, with its simple conical shell, might 
be taken for a very primitive animal. If it were so, however, 
the mantle-cavity, with its related organs, w^ould be at the hind 
end of the body instead of in. front, and the nerve-loop of the 
nervous system would not be, as it is, 8-shaped. These con- 
siderations, and comparison with other forms, would lead to the 
conclusion that the apparent simplicity is secondary, and that 
the Limpet s ancestors were forms with spirally coiled visceral 
hump and shell. A very interesting confirmation of this con- 
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elusion is afforded by the life-history, for at an early period of 
its existence, when it is a free-swimming larva, it actually does 
posseso spirally twisted visceral hump and shell. This is another 
example of the law of recapitulation previously exemplified (see 
p. 14). 

Sub-class 2.--EUTnVNl£URA 

These are forms in which the nerve- loop of the nervous system 
is not twisted (except in one family), but it would appear that 
this is not, as might at first sight be supposed, a primitive feature, 
but the result of an untwisting process. A further character is 
the possession of two pairs of tentacles by the head. 'I'here are 
two orders: 1. Hind-gilled Snails (Opisthobranchia), with the 
auricle of the heart behind the ventricle, and the gill in a 
corresponding situation ; and 2. hung Snails (Pulinonata), in 
which the gills are entirely absent and the mantle-cavity has 
been converted into a lung. 

Order i. — Hind-gillkd Snails (Opisthobranchia) 

A very great variety of marine forms are placed in this order, 
some snail-like in appearance, others .slug-like, and others again 
of modified shape and adapted for swimming in thci open sea. 

A distinction is drawn between species in which 
thece is typically a gill sheltered in the mantle - 
cavity (Tectibranchs), and the Sea-Slugs (Nudi- 
branchs), devoid of mantle and shell. 

Amonsf the Tectibranchs the Rubble-Shells 
possess a thin translucent spiral 
shell (fig. 187), overlapped by a 
body-fold (cpipodium) each side. 

Another related family is exem- 
plified by a small white mollusc, 
Philine aperta, very common in 
shallow water round the British 
coast. The shell is something 
like that of a bubble-sbell. but 
is not visible externally, as folds of the mantle have grown 
completely over it In the Sea-Hare i^Aplysici) the shell is still 
further reduced, being a thin oval plate situated on the upper 



Fig 187 — Dubblc^shell [BuUa' 
a, Head-lappeu; b, nght eplpodium. r, sthell., 
H, mwitle-lobe, r, hiiid<cnd of foot.^ shell 
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side of the body and almost entirely covered over. A large 
gill is present, protected in a mantle-cavity which opens on the 
right-hand side (see fig. 188). The external opening of the 
single kidney is at the root of the gill, and the intestine terminates 
still further back outside the mantle-cavity altogether. The Sea- 
Hare was at one time pointed to as a good example of a form 
in which the twisting process had begun, carrying the mantle- 


cavity with its organs on to the 
right side. If this were so, how- 
ever, we should expect to find two 
auricles to the heart, two gills, 
and two kidneys, which is not 
the case. A more adt'quale 
explanation is that the Sea-Hare 
is descended from forms in which 
coiled visceral hump and shell 
were pxC.scia, and which had lost 
an auricle, a gill, and a kidney ; 
forms, in fact, resembling such a 
species as the Periwinkle in struc- 
ture (see p. 318). We must sup- 
pose that in these the visceral 
hump gradually flattened out and 
the shell gradually became re- 



duced, while at the same time a 


Fig j88 —Diagram of aTertibranch Snail, seen 
from abo\ e 


certain amount of untwisting took 
place, bringing back the mantle- 
cavity to the right-hand side of 


I, Mouth , 9, nene nng with ganglia 3, one of the 
two g^iOglia on the •intwisteii nerve-loop, 4, gill, just in 
front of w hich is seen the osphradmm . 5. opening of 
intestine, 6, heart in pencari’i jm lo, loo, nght epipo- 
dium, >0^, left cpipodium folded o\er bark. 


the body. In this way a secon- 
dary or spurious simplicity has been acquired. The non-twisted 
nerve-loop (fig. i88) is characteristic of Euthyneura generally. 

Eight out of the twenty families embraced by the Tecti- 
branchs are collectively known as the W ing-footed Snails or 
Pteropods (Gk. pteron, a wing; pons, a foot), formerly regarded 
as a distinct class of the Mollusca. They are small pelagic 


creatures, vast shoals of which are to be found swimming in 


the open sea. Some of them possess a mantle-cavity and a 
transparent shell either spiral or conical in shape. In these the 
foot is transformed into a pair of fin-like structures. Others 
again have no mantle and shell, and though they possess fins, 
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these are not formed from the foot, but from the region of the 
body immediately above it, and equivalent to flaps found in this 
position in the Sea>Hare (epipodia) or to the halves of the funnel 
in a Pearly Nautilus (see p. 317). 

Sca-S///os (Niidibranchs). — These are beautifully coloured 
creatures with a large creeping foot. Their symmetrical form 
is not a primitive character, but due to the untwisting process 
just described for the Sea-Hare. Here, however, modification 
has gone a stage further, for not onl\ is there no bhell, but 
both mantle-cavity and the typical plume-like gill are absent. 
The intestine opens in the middle line on the posterior part of 
the body. 

A common British genus is Dora, in which the absence 
of plume-gills is made up for b\ the presence of ri circlet of 

branched secondary 
gills situated on the 
upper side of the 
body around the 
opening of the in- 
t(‘stine. If the e\- 
pandf‘d gills of a 
living specimen be touched they are immediately drawn in, being 
sheltered in a ring- like groove when so retracted. ^Another 
common genus is Holis (fig. 189), in which the back is studded 
with numerous slender club-like processes. 

A very interesting little Nudibranch is the free-swimming 
Mediterranean form Phyllirho’Cy which possess a transpa-ent 
laterally- flattened body and is devoid of foot. There are numerous 
little phosphorescent bodies in the skin. 



Order 2 — Luno Snails (Pulmonata) 

The seventeen families of this order are mostly inhabitants 
of the land or of fresh-water, and familiar examples are furnished 
by the land-snails and slugs. The common Garden Snail {llelix 
aspersa) may be taken as an illustrative tyjje (fig. 190). 

The part of the body which is protruded from the shell when 
the animal crawls is symmetrical, and its under part is made 
up of the well-developed foot, which has a rounded front end and 
ends in a point behind. The head is fairly distinct, and bears 
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two pairs of tentacles, which are hollow and can be drawn back 
into the body. The front pair are short, while the others are 
long, and each of them bears an eye at its tip. There is a well- 
coiled visceral hump covered by a shell of corresponding shape, 
into which the animal can be withdrawn, though there is no 
operculum to guard the entrance. During the winter the snail 



Fig 190 — Struciure of Garden Snail {Meiix as/erta) 

A, General dissertion, from upper hide., roof of lung sfircad out to nght b, Uuccal niass, nght half removed 
c. Nerve ring, from back. 


remains in a torpid condition within its shell, or in other words 
hibernates, under which condition the want of operculum is com- 
pensated for by the formation of a limy partition across the 
mouth of the shell, leaving, however, a small aperture for 
breathing purposes. 

As would be expected in a form so twisted, the mantle-cavity 
is in front, but no longer has a wide opening to the exterior, as 
this would lead to its delicate lining being dried up. There is, 
instead, a small aperture on the right-hand side, easily seen just 
within the margin of the shell. When the mantle-cavity is opened 
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no trace of a gill can be seen, but the thin mantle which forms 
its roof is raised up into a net-work of ridges traversed by blood- 
vessels and acting as a lung. The intestine runs down the right 
side of the mantle-cavity to its termination close by the lung- 
opening, and by its side runs the slender tube which carries off 
the waste matter from the single kidney, abutting against which is 
the pericardium containing a two-chambered heart. 

The nerve-ring encircles the beginning of the gullet just 
behind the pharynx, and the nerve-loop is exceedingly short, and 
fused with it in such a way as to be exceedingly difficult to re- 
cognize. About 6000 species are included in the Pulmonata, and 
of these some 3500 belong to the same genus {Ilehx) as the 
Garden Snail. A much larger species than this is the Roman 
Snail {Helix poniatid), common abroad, and on the chalk downs 
of Kent and Surrey. It is said to have been introduced in 
Roman times for culinary purposes. 

Land-Slugs may be regarded as derived from snail-like 
forms which have been more or less flattened out, and in which 
the shell is reduced or, it may be, absent altogether. Two 
common British species may be mentioned as examples, the 
small grey Field -Slug {Limax agrestis) with a reduced internal 
shell, and the much larger Black Slug {Arion afer) in which the 
shell is entirely absent. 

The Pulmonate forms so far mentioned all agree in the pos- 
session of four tentacles, with eyes situated on the tips of the 
larger posterior ones. But there are still other forms in which 
only one pair of tentacles is present, at the bases of which the 
eyes are placed. Among these may be mentioned the Pond- 
Snail {Limnaa stagnalis) with a thin, pointed shell, and the 
Trumpet- Shell {Planorbis corneus), also an inhabitant of fresh 
water, and possessing a flat spiral shell. 

Class 3.— BIVALVE MOLLUSCS (Lamellibranchia) 

The shell of a Gastropod, when it possesses one, always 
consists of one piece or valve, i,e, is univalve\ but in the class 
now to be considered there is a bivalve shell consisting of a right 
and a left valve. The Fresh-water Mussels, abundant in* many 
of our streams, canals, and ponds, furnish a convenient type. 
They belong to two genera, Anodon and Unio, which agree in 
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their main features, though there are certain differences, especially 
as regards the shell. 

External Characters . — The animal is completely invested by 
the two elongated oval pieces which make up the shell, and are 
right and left respec- 
tively (fig. 19 1) They 
are united together 
above, along what is 
called the hinge -line, 
and can either be 
brought close together 
elsewhere so as entirely 
to cover the soft parts, 
or may be separated so 
as to “gape” more or 

less, which is always the pig — Sheila of Fresh-water Mussel {t/nta), seen from writhin 

case in \lr^d specimens. lmpf«*«ons of anterior and posterior adductors; <//; hinge-teeth; 

. . > . . e, ligament, k, pallial line. 

A series of closely-set 

lines following the curve of the shell can be seen on the out- 
side, and it will be found that these “lines of growth”, which mark 



successive additions of material, have -as their centre a pointed 
projection near the straight upper edge of the valve, known as 


the beak or umbo. 
This clearly marks 
the oldest part, 
and, as in bivalves, 
usually projects 
forwards, and is 
nearer the front 
than the back end. 
When the shell is 
removed from the 



soft parts by cut- G1-G3, gungUa: Go^ opening of oviduct; Ki and Ka, intemal and external 

, • kidney-openings 

ting through cer- 
tain muscles, it will be found that each valve covers a soft flap 
which lines it during life, and is really half the mantle (fig. 192), 
here clearly divided into right and left halves, which may be 
compared to the flaps of a man’s coat, if the further assumption 
be made that the coat is a part of the body and its flaps are big 


enough to entirely cover the occupant 
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Structure and Formation of the Shell, — The shell is a horny 
structure largely impregnated by salts of lime. It is produced 
by the underlying epidermis, from which a sticky substance 
exudes which afterwards becomes hard. In all classes of Mol- 
luscs the mantle has a great deal to do with the formation of 
the shell, but even here, where the mantle is very well de- 
veloped, it does not line the part of the shell near the hinge- 
line, and yet that part can be repaired if broken. In a Garden 
Snail the mantle is of comparatively small extent, the chief part 
of it being the roof of the lung, yet all parts of the snail’s 
shell can be repaired. The shell of the Mussel, and the same 
thing is true for a land- or sea-snail, consists of three layers: (i) 
a greenish external skin, often called incorrectly the epidermis; 
(2) a middle prismatic layer in which the calcareous material 
consists of oblique prisms; and (3) an internal pearly layer, 
made up of numerous thin lamellae, the edges of which form a 
series of minute wavy ridges on the inner side of the shell, which 
are the agents to which the rainbow tints of the pearly layer are 
due. The edge of the mantle is thickened, and, both here and 
in most Mollusca, plays a very important part in the formation of 
the shell, the two outer layers originating from it alone. Repairs, 
therefore, except at the edge of the shell, are carried out in 
pearly material only, though further observations are wanted on 
the subject 

The two valves are united together in the region behind the 
umbo by a horny elastic band known as the ligament, which is 
kept on the stretch when the shell is closed. In the shell of Unio 
(fig. 1 91) there are projecting teeth along the inner side of the 
hinge-line in each valve, which fit into corresponding sockets in 
the othec valve. Such teeth and sockets are entirely absent in 
Anodon, whence its name (Gk. an, without; odous, a tooth). The 
inner side presents a number of markings due to the attachment 
of muscles, and therefore called muscular impressions. The two 
largest of these are oval, and situated respectively near the front 
and back ends. They correspond (see fig. 192) to a couple of 
large muscles, the fibres of which run transversely acroiis from 
valve to valve, and wfiich, since their contraction serves to adduct 
or pull the valves together, are termed the anterior and posterior 
adductor muscles (L. adduco^ I lead to). When they cease to 
contract, the elasticity of the stretched ligament comes into play 
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and pulls the shell open. Running from one adductor scar to 
the other is a curved pallial line, marking the attachment of the 
pallium or mantle to the shell. In a case like this, where the 
line is unbroken by any indentation, it is integropalliate, a point 
which will be referred to later when other bivalves are considered. 

Both shell and contained animal are bilaterally symmetrical, a 
fact which is expressed as regarding the former by using the term 
equivalve. Each valve is in fact a mirror-image of the other, but 
in itself does not exhibit bilateral symmetry, i.e. is inequilateraL 

The Mussel is in the habit of remaining obliquely buried in 
the mud with its hinder end projecting, and examination of an 
aquarium sj:)ecimen in this position will show two openings, one 
above the other, between the mantle lobes (fig. 192). Water- 
currents continually set into the lower or in ha lent aperture, 
serving the double purpose of carrying food to the mouth and 
oxygen- to the breathing-organs, while other currents as con- 
stantly flow out of the upper or exhalent aperture, taking with 
them the various forms of waste matter. The inhalent aperture 
is fringed with sensitive tenUiclcs, and if these are touched the 
shell at once closes, an arrangement which is obviously protec- 
tive. The Mussel, therefore, is able to feed, breathe, and get rid 
of waste, with most of its body concealed from observation. 

After removal of the shell (fig. 192) it will be found that the 
mantle-lobes are not united together except between the two 
apertures just described. If one of them be turned back other 
parts come into view, and the first thing to determine is which 
is front and which back end. A distinct head will be looked 
for in vain, and its absence is one of the characters of this class, 
which sometimes receive the name of “ headless ” Molluscs 
{^Acephala, from Gk. a, without ; kephalon, a head). This 
cannot be regarded as a primitive feature, and there is good 
reason to believe that the bivalves are descended from forms 
which possessed a distinct head, the dwindling of which has 
been brought about by a sluggish mode of life and dependence 
as regards food upon minute organisms brought to the mouth 
by water currents. The mouth will be seen in the Mussel as a 
wide slit just behind one of the adductor muscles, at the end 
further from the inhalent and exhalent apertures, which thus mark 
the hinder end of the animal. There is a complete absence of 
anything in the way of jaws, but a pair of soft leaf-shaped bodies, 
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the lahial palps, may be seen on either side of the mouth. The 
body hangs down between the mantle-lobes, and its ventral part 
is modified into the orange-coloured foot, which, instead of pre- 
senting a creeping under surface, as in a snail, is flattened from 
side to side and projects forwards as a muscular body which has 
been variously compared, as regards its shape, to an axe or 
ploughshare. It can be protruded from between the valves of 
the shell, and serves as a pushing-organ, by which the animal can 
slowly plough its way through the mud with its front end first. 

Very conspicuous are the plate-like ^///^, which have suggested 
the scientific name of the class (Lat. lamella, a plate; Gk. In'amhia, 
gills), and which are not only breathing-organs but are also largely 
concerned with setting up the currents of water which play such 
an important part in the life of the animal, being largely aided, 
however, in both these duties by the lobes of the mantle. The 
water-currents are a result of ciliary action (see p. 49). Each 
gill consists of an outer and an inner plate, and, despite its special- 
ized form, has been produced by the modification of a gill-plume 
similar in kind to those found in the Ormer (see p. 308). The 
stem of the gill runs fairly parallel to the long axis of the body, 
and is attached to the body- wall above. The mantle -cavity is 
here the huge space between the mantle-lobes into whijji the 
gills and lower part of the body hang down, 'and, by the attach- 
ment of the former to adjacent parts, it is divided into a large 
lower section into which the inhalent aperture leads and a much 
narrower upper portion, above the gills, and communicating with 
the exterior by the exhalent aperture. This is most clearly seen 
behind the posterior adductor muscle, where the inner plate of 
one gill is seen to be fused along the middle line with the corre- 
sponding plate of the other gill, thus forming a partition between 
the upper and lower sections of the mantle-cavity. 

Digestive Organs (fig. 192). — The most striking feature is a 
negative one, consisting in the entire absence of the characteristic 
rasping organ (odontophore) possessed by the other molluscan 
classes. It is believed that bivalves are descended from ancestors 
which were provided with this structure, which has been lost as 
a result of the same conditions which led to the dwindling of 
the head, and which have already been alluded to. The mouth 
leads into a short gullet, which opens into a stomach, that again 
continues into a coiled intestine, the last [)art of which runs up 
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to the dorsal side, traverses the heart (see below), and runs back 
over the posterior adductor to its termination in the upper section 
of the mantle-cavity. 

Circulatory Organs (fig. 192). — The Heart, situated in a 
pericardial cavity, has the dorsal situation characteristic of Inverte- 
brates, and is essentially similar to the heart of the Ormer (see 
p. 308), consisting as it does of a central ventricle to which a 
thin-walled auricle is attached on either side. Purified blood is 
received by the auricles from the mantle-lobes and gills, and then 
passes into the ventricle, which distributes it to the body. 

Respiratory and Excretory Organs (fig. 192). — As already 
mentioned, the function of breathing is carried out by mantle- 
lobes and gills. As to excretion of nitrogenous waste, this is 
effected by two elongated brown kidneys underlying the peri- 
cardium, with which they communicate on the one hand, while 
they open to the exterior on the other. 

Nervous System and Sense Organs (fig. 192). — The central 
nervous system consists, as in the Ormer (see p. 310), of a nerve- 
ring and a nerve-loop. The former presents a ganglion on each 
side of the mouth (equivalent to one of the brain ganglia of the 
Ormer with a lateral ganglion fused with it) connected with 
one another above and with a pair of foot-ganglia embedded in 
the body close to the muscular foot. The nerve-loop is connected 
in front with the upper ganglia of the ring, and its posterior end 
lies just below the posterior adductor, where it is thickened into 
a pair of visceral ganglia. The three pairs of ganglia send out 
nerves to the parts of the body in their neighbourhood. 

The Mussel undoubtedly possesses the sense of touch, espe- 
cially as regards the edge of the mantle. It is also probable, 
though not absolutely certain, that it is endowed with smell and 
taste, and water -testing organs (osphradia) can be recognized 
near the visceral ganglia, though there is some doubt about 
their function, for they lie in the upper section of the mantle- 
cavity in the course of the outgoing currents of water, which is 
not in accordance with their supposed function. So-called organs 
of hearing are present, as in the Ormer (see p. 310), in the form 
of two little vesicles connected with the foot-ganglia and containing 
particles of carbonate of lime. They are probably concerned 
with the sense of equilibrium. Eyes are altogether absent. 

Lamellibranchs are divided into five orders based on the 
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characters of the gills, and embrace between them some forty 
families. It will be enough for our present purpose to mention 
a few common species in illustration of the range of characters 
found within the class. 

The Cockle Family includes a large number of shallow-water 
forms found along coasts and estuaries in most "parts of the 
world. They are especially characteristic of places where sand 
is abundant. The best-known British form is the Edible Cockle 
(Carclium edule) of the Atlantic and Mediterranean areas. The 
shell is rounded in outline, and marked by prominent ribs which 
radiate from the beak. The edges of the mantle -lobes are 
much more extensively united than is the case with the Free- 
water Mussel, but an orifice is left in front through which the 
foot can be protruded, and at the back inhalent'and exhalent 
apertures are seen as before, a striking difference being that they 
are here placed at the ends of two short tubes or siphons, both 
fringed by tentacles. The narrow bent foot is able not only to 
push the animal through the sand, but also by its sudden con- 
traction to bring about springing movements in the water. The 
siphons can be drawn back within the shell by means of a special 
retractor muscle, and the attachment of this to the shell causes 
the pallial line to be indented at its posterior end, just as, to use 
a somewhat fanciful comparison that has been employed, a coast- 
line • is broken by a bay or, to use the Latin 
word, sinus. By examination of the shell only 
we are therefore able to say in a given case 
(fig. 193) whether siphons of any size were 
present, the extent of the bay being roughly 
proportional to their development. This sinu~ 
palliate condition is contrasted with the integro- 
palliate one described for the Mussel (p. 331), 
but it must not be forgotten that small siphons may be present 
devoid of muscles sufficiently powerful to indent the pajlial line 
perceptibly. 

The Gaper Family presents a certain amount of resemblance 
to the preceding as regards habit, and a common British form, 
the Sand Gaper {My a arenarid) (fig. 194), is found both in mud 
and sand off many parts of our coast; and also on the opposite 
side of the North Atlantic. The thick oval shell is not ribbed 
like the Cockle, and the name “Gaper” has reference to the 



r** 193.— Inside of right 
valve of a sinupalliate ^cll 
The bay (sinus) the pallial 
line IS seen on the right 



BIVALVE MOLLUSCS 


335 


fact that the valves cannot be brought together behind owing 
to the presence of enormous siphons that can only be drawn back 
into the shell to a limited extent. The two siphons are united 
into a single fleshy 

mass with ^two orifices ^ 

wrinkled layer con- Fiff 194 ‘^antl Gaper Myaataiana) 

tinuous with the outer 

horny layer of the shell. The protective arrangement suggested in 
the Mussel (see p. 331) is here carried to a much greater extent, 
fof when the animal is buried in the mud, with only the tip of the 
siphon-tube [)rojecting, it is singularly inconspicuous, though feed- 
ing and breathing can go 
on without interruption. 

The foot of the Gaper is 
small, and IS of no use for 

. . Fik 19s —Rarer Shell (Jfl/rw). Foot teen on left, Riphona on right 

springing. 

A closely-related family is that of the Razor-shells (fig. 195), 
of which two British species are very common, i,e, Solcn siliqua 
and Solen cnsis. In both cases the shell is very long and narrow, 
and gapes at both ends, but in the former species it is straight and 
in the latter curved. 


Fig 19s —Razor Shell (Jfl/rw). Foot teen on left, niphona on right 


Some very interesting boring molluscs come fairly close in 
affinity to the Gapers. The Rock-borers {Saxicava) and Piddocks 
(Pholas) (fig. 196), both of which can excavate burrows in hard 
rock, include a number of British species belonging to two families, 
while a third family is represented in the Atlantic and Mediter- 
ranean by the so-called “ .Ship -worm ” (YWedo nuualis) that often 
completely riddles timber with its burrows, w^hich are lined by a 
smooth shelly layer secreted by the surface of the long siphonal 
tubes. 

All the preceding families belong to one, and that the largest, 
of the five orders of bivalves. We may- take the Sea Mussel 
Family as representing another order, and of the forms included 
by far the most familiar, largely on account of its economic import- 
ance, is the Edible Mussel {Mylilus edulis) (fig. 197), of w^hich 
vast numbers are found together attached to stones, w'ooden piles, 
or other firm objects, by means of strong blackish threads consti- 
tuting the byssus. The dark bluish shell is somewhat wedge- 
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shaped, and the sharp beaks are placed at the extreme front end. 
There are no siphons, but merely two apertures, as in the Fresh- 
water Mussel, the inhalent one being very large and fringed 
The small dark foot^ though capable of being used as a locomotor 
organ, is not in constant employment as in free bivalves, which 
probably accounts for its relatively small si/e The byssus arises 
from a deep pit behind the foot, and though it is commonly found 



bHllk// ihrHiTM 


mooring the animil it can Ik i^t oil if lueesviry ( nabling th( 
animal to creep away to some inoii Itsirible spot The .interior 
adductor muscle is much smaller thin the other and this point 
is of special interest because ii foi»sliidows cases where only the 
posterior adductor is present in ihi idiilt This is a tendency 
to specialization but the gills on the other hand are simpler m 
structure than those of a I resh w uer Mussel for though they 
consist of two plates on each skU yet each of these can easily 
be broken up into distinct filaments The gill is, in fact, a ‘some 
what modified plume-gill in which the separate side-branches of 
the plume have not yet firmly united into plates, as in the fresh- 
water mussel 

The Ark-Shells constitute a family belonging to the same 
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order as the Marine Mussels, and agree with them in the character 
of the gills. The shell is somewhat rectangular in form, with a 
long hinge-line possessing many small similar teeth. The foot 
has a flattened under-surface, an exception to the general rule 
among bivalves. The group is represented by species in all parts 

of the world, and .some of 
the individual .species have 
a very wide distribution, as 
in the case of the British 
species Area lac tea. 

In the Scallop Faniily 
we liave represented a third 
order of bivalv(\s which pos- 
sess gills more complicated 
than those of Ark-Shells and 
lulihle Mussels, hut less so 
than in th(‘ h'resh- water 
Mussel and associated 
famili(‘s. Th(*re are s(‘\(*r.il 


1 IK 11)7 Kclil>lc Mussel Mytilus ( tuii\ iiT i i'^ I' i. tun S, tlh ji l<nolau^ 

species of i^ritish Scallops belonging to the genus Pjctcu, in which 
the sh(‘lls are fan-shaped. The Pilgrim Scallop {Pccten Jacobcctis) 
(fig. T9<S) is interesting as the source of the “ cocklc^-shell ” which 
the mediaeval pilgrim to the Holy Land wore in his hat. Only 
one adductor muscle is present, the equivalent of the* [losterior 
one in the families so far mentioned. In some of the species the 
valves of the shell are ecjual according to the general rule, and 
in these the animal is able to swim by tkqiping them. In other 
cases, of which the edible Scallop comn-only seen in fishmongers’ 
shops furnishes an e.xample, the animal is sedentary, and during 
life rests with its right valve below, this being well curved, while 
the upper or left valve forms a flat lid. A byssus is present, 

VoL. I. 22 
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serving to attach the creature to some firm object There is in 
this genus an interesting variation on the mode of opening the 
shell described for the Fresh-water Mussel (see p. 330)- There 
is no external ligament but what is called an internal ligament 
or cartilage, placed in a deep pit at the hinge and kept compressed 
when the shell is shut When therefore the adductor muscle 
ceases to contract the elasticity of this body will come into play, 
causing the shell to gape, just as a door might be made to fly 
open by the expansion of a piece of india-rubber shut into its 
hinge and thereby strongly compressed. The mantle -lobes of 
Pecten are quite free from one another, .so that not only are 
siphons absent but also special itihalent and exhalent openings. 
The long plate-like gills follow the curve of the body, and water 
has ready access to them through the wide cleft between the 
mantle-lobes exposed when the animal opens its shell. The edge 
of the mande is fringed by long tentacles, and bears quite a 
number of .spherical eyes of a beautiful green colour. These have 
a very complicated structure, approaching in some respeqts to the 
eyes of Vertebrates. 

The Oyster Family is closely allied to the preceding, but its 
members are still more modified. The shell is very irregular, 
and the animal is attached by the substance of the left valve, 
which in the Common Oyster {Ostrea edulis) of British seas is 
hollowed out while tbo right valve is lid-like, just the opposite 
to what is the case in a Scallop. The foot is entirely absent, 
and though the mantle-edges bear short tentacles, they are devoid 
of eyes. 

Brief mention may be made of the Niuula Family as repre- 
senting a comparativeV small order of bivalves in which the gills 
present primitive cha^icters. In the type genus Nucula, for 
example, the gill on c th side is small and obviously like one of 
the gill-plumes of the Ormer, and a further primitive character 
is found in the possession of a foot with flattened creeping surface. 

Class ^.—-TUSK-SHELLS (Scaphopoda) 

This small class includes the typical genus Dentalium and its 
allies. A British form, the Common Tusk -Shell {^Dcntalinm 
vulgare) (fig. 199), may be taken as a type. It is found burrowing 
in the sandy parts of the sea-flqor. The curved body is bilaterally 
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symmetrical, with the upper side concave, and it is covered, by 
a tubular shell shaped something like an elephant's tusk, whence 
its name. This shell has an aperture at each end, the larger 
one being in front, and its formation may be understood if we 
suppose the presence of two long 
mantle -flaps which have fused 
together in the middle line below, 
and that shelly matter has been 
secreted continuously all round. 

This view is justified by the develop- 
ment So far there would appear 
td be affinity with the bivalve mol- 
luscs, and this is confirmed by the 
shape of the foot — which, however, 
has a lobe each side as well as a 
central, portion — and by the charac- 
ter of the y^entous system. In other 
respects there is an approach to 
Gastropods, for though the head is 
much reduced it is not entirely 
absent, the mouth being placed on 
the end of a short non -retractile proboscis, behind which is a 
pharynx provided with the typical rasping-organ. 

Springing from the base of the proboscis are two bunches 
of long filaments dilated at their ends, and capable of protrusion 
for some distance from the mouth of the shell. These are sup- 
posed^to be of use in capturing small organisms as food, and it 
is possible that they represent the gills of other forms, though this 
is by no means certain. 

Class 5.— PROTO-MOLLUSCS (Amphineura) 

The different classes of Molluscs are all supposed to have 
sprung from bilaterally symmetrical forms with fairly distinct 
head, a rasping-organ, and a creeping foot. There was probably 
a continuous mantle-flap sheltering in the hinder-part of the body 
a pair of plume-like gills, near which would open the paired 
kidneys, one on each side of 'the intestinal aperture. The heart 
would be dorsal and posterior in position, and would most likely 
consist of a muscular ventricle with a thin-walled auricle on each 



Fig *99 — Ttwk shell {Dentaltutn) Shell 
partJjr removed 
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side. From creatures of this kind we can imagine Cephalopods, 
Gastropods, Lamellibranchs, and Scaphopods derived by special- 
ization along different lines, the nature of which has been alr^dy 
indicated in the description of these classes. The small number 
of forms which make up the present class have probably retained 
to a higher degree than any other living forms the characters 




Fig 300 — Proto* moUiucs 
A Mail Shell [CAttem\ teen from above and lielow 
B, Pr neoiiicnia, right tide and under surface c Chctodemia. 

of these hypothetical ancestors, though they also have undergone 
modifications of their own, and it is often a difficult problem to 
determine which of their charaaeristics are primitive and which 
not 

The most abundant and familiar of these animals are the 
Mail-Shells or Chitons (fig. 200), most of which live under stones 
near low-water mark. A common British form is Chiton mar- 
ginatus. In the bilateral symmetry, the presence of a fairly well- 
marked heady a broad, creeping footy and a continuous mantk-Jlapy 
the Chitons are probably primitive. The same thing mUy be 
said regarding the dorsal hearty which is placed posteriorly and 
posses.ses the three typical chambers, and the kidneySy which are 
paired and open far back. The rasping-organy however, is highly 
complex, and the gills are arranged in a row on each side, instead 
of being two in number. Quite possibly, however, the many- 
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gilled is more primitive than the two-gilled condition, and there 
are some Chitons which have a limited number of gills far back 
on each side. As to the shelly we find eight overlapping plates 
situated on the dorsal side. 

The remaining Proto-molluscs (fig. 200) are unfamiliar marine 
forms inhabiting moderately or very deep water. They possess 
no shelly but the skin is beset with calcareous spicules, and they 
are more or less worm-like in appearance. The foot is either 
a narrow ridge placed in a longitudinal groove (jVeomeniay Pro- 
neomenia)y or may be entirely absent (Chcetodemid), There is a 
small posterior mantle-cavity into which the intestine and paired 
kidneys open, while it may shelter a pair of plume-like gills 
(C/uetoclerma)y or these may be represented by a tuft of filaments 
(JVeomenia) or merely by folds (Proneomema). Though at first 
sight the view is tempting that these genera are more primitive 
than Chiton, and give an indication of how Molluscs might arise 
from wbrm-like forms, it is more probable that they are simplified 
animals which have lost some of the typical molluscan characters, 
and aref so to speak, going downhill rather than uphill. 



CHAPTER VIII 


STRUCTURE AND CLASSIFICATION OF JOINTED-LIMBED 
ANIMALS (Artiiropoda) 


This is by far the largest of the great groups of the animal 
kingdom, including, as it does. Insects; Scorpions, Spiders, and 
Mites; Centipedes and Millipedes; Lobsters, Crabs, Shrimps, and 
a host of other Crustacea. 

The Lobster^ a typical member of the phylum, has already 
been briefly described in illustration of the characters of the 
higher Invertebrates (see pp. 302-304). It may be convenient 
to point out the respects in which it is typical of the group 
Arthropoda. These are: bilateral symmetry y the division of the 
body into a series of segments grouped into regions and bearing 
a series of paired jointed hmbSy and the presence of a central 
nervous system consisting of a nerve-ring and a ventral cord. 
It may also be noted that the so-called body -cavity consists of a 
set of blood - containing spaces situated between the^,, internal 
organs and the wall of the body. They form, therefore, a part 
of the blood-system, while the body-cavity of a Vertebrate (see 
p. 42) belongs to the lymph - system. Molluscs agree with 
Arthropods in this respect, except that in them the j)ericardial 
cavity does not contain blood, but is com}>arable to the corre- 
sponding cavity in a Vertebrate so far as that particular feature 
is concerned. In Arthropods, however, the heart is situated in 
a blood-containing .space from which blooii passes into it. 

The phylum is divided into the following classes, which will be 
considered in the same order: — 

A. — Aiw-breathing Forms (Tracheata). 

Class I. Insects (Insecta). 

Class 2. Spider-like Animals (Arachnida). — Scoroions, Spiders, Mites 

Class 3. Centipedes and Millipedes (MyriapoDA). 

Class 4. Peripatus (Prototracheata). 

Stt 
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B. — Aquatic Forms (Branchiata). 

Class 5. Crustaceans (Crustacea). — Lobsters, Crabs, Shrimps, &c 

Class 6. King-Crabs (Xiphosura). 

Class 7. Sca-Spiders (Pycnoc;onida). 

A.— AIR-BREATHING ARTHROPODS (Tracheata) 
Class i. — INSECTS (Insecta) 

This class embraces an astonishing^ number of species, more 
numerous, in fact, than those of all other groups of land animals 
put together. Yet, in spite of this, they do not exhibit so wide a 
range of characters as might be expected, so that the study of a 
carefully -chosen type forms an intelligible key to the entire class. 
The too -familiar Cockroiich or Black “Beetle” {^Pcriplaneta 
orientalist furnishes just such a type, though the American 
sjxicies {P Americana) obtainable in many sea[3orts, is decidedly 
better on account of its larger size. 

External Characters (fig. 201). — The body is obviously 
divided into three regions - he;id, thorax, and abdomen — the dis- 
tinction between the first two being emphasized by the presence 
of a narrow neck. In such an insect as a wasp the demarcation 
between thorax and abdomen is equally sharp, while in many 
insects, on the other hand, the three regions are bounded by a 
continuous curved outline unbroken by constrictions. 

Each one of the.se three regions of the body is made up of rings 
or segments, which differ very much among themselves in char- 
acter, and in some places are so closely fused together that their 
exact number cannot lx; definitely made out. Arthropods, in 
fact, or any large group of them, furnish innumerable instances of 
the phenomena described elsewhere (see p. 195) in reference to 
the skeleton of the limbs, where all sorts of modification of a 
common plan may arise by unequal development of parts, fusion, 
and reduction. One of the lower Arthropods, for example, such 
as a Centipede or Peripatus, consists of a large number of similar 
segments which have only undergone great specialization at the 
head end, while in such highly specialized forms as Insects the 
segments have been much reduced ia number, and are grouped 
into regions which, in correspondence w'ith special uses, have 
acquired special characters. 



Fig 901 —External Characters of Cockroach onenttUit) 

K B. c. Silk vM^s of male arid female and top view of male i, ii iii, nfini'Bis of thorax x>io, OTginents of 
abdomen o, A leg (enlarged) r, Jaws much enlarged) Mx^ Firtt mamlla Mxf second 
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Among Insects the Cockroach is a fairly central type, and 
the least modified part of it is the abdomen, in which ten seg- 
ments can clearly be distinguished. A pair of flattened jointed 
rods, the cerci, spring from the last segment, and are probably 
to be regarded as limbs, which are otherwise absent in this region, 
if certain doubtful structures be excepted. This practically 
limbless condition of the abdomen is characteristic of insects, and 
has been brought about by reduction. The thorax is commonly 
regarded as made up of three segments, and each of these bears 
a pair of jointed limbs or appendages in the shape of walking- 
legs, Each leg is composed of several pieces (lo) movably jointed 
together, a character which is common to all Arthropod limbs, and 
has given the name to the phylum (Gk. arthros, jointed; pous, 
a foot). The parts of the leg differ much among themselves 
in respect of size and shape. The thorax also bears a pair of 
flattened expansions, forming the wings, attached to its second 
and thild segments, which in the male of the common Cock- 
roach, and both sexes in the American species, extend far back- 
wards and overlap the abdomen. The fore-wings are horny 
structures, and may be termed the wing-covers, since they cover 
and protect the delicate membranous hind-wings, or wings proper. 
In the female of the ordinary Cockroach the fore-wings are very 
small and the hind-wings absent, reduction having taken place in 
both cases. 

The head consists of a number of segments which have fused 
so intimately together that the boundaries between them cannot 
be made out. As, however, in the higher Arthropods the presence 
of pairs of jointed limbs is taken to indicate the existence of a 
corresponding number of segments, a certain clue is afforded, 
though, as all segments do not bear limbs, such evidence is 
only partial. In this case, as in Insects generally, there are 
four pairs of appendages, so that the head possesses at least 
four segments. The first of these are two slender jointed feelers 
or antenna, serving as organs of touch, and probably also having 
to do with other senses. The remaining appendages are three- 
pairs of jaws, named, from before backwards, mandibles, first 
maxillae, and second maxillae. As in all Invertebrates they are 
quite outside the opening' of the mouiii, and those of them which 
are used for biting work from side to side. Each mandible con- 
sists of a single broad homy pieefe, toothed on its inner edge, 
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where it bites against its fellow. The first maxilla on either 
side has a two-jointed stalk, upon the end of which .are borne a 
slender outer and a shorter inner branch. The former is made 
up of a number of narrow joints, and is known as a palp^ while 
the inner branch consists of two parts, a cutting blade next the 
middle line and a soft piece adjacent to the palp. The smaller 
second maxillce are built on the same lines, but are fused together 
to form what is commonly called the ‘‘under lip” or labium. It 
is the united stalks which have so fused, and though these par- 
ticular appendages are considered as jaws, the union has of course 
taken away any power of biting against each other. Projecting 
from the front of the mouth is a broad horny plate, the “upper 
lip” or labrum, and in the narrow space between this and the 
labium the mandibles and cutting parts of the first maxillae work 
against one another. The Cockroach is clearly an example of 
Insects with biting mouth-parts, but in other cases we find 
the corresponding appendages adapted to very different uses, 
furnishing one of the best examples known of modifications of 
a common type. 

A large kidney-shaped eye will be seen on each side of 
the head, and a good lens will show that each of these possesses 
a large number of six-sided facets. An eye like this is generally 
known as a “compound eye”, each of the facets h^ing been 
formerly regarded as equivalent to an independent simple eye. 
Some of the other external characters are mentioned elsewhere. 

Skin and Exoskeleton. — The body is invested in a strong 
horny covering secreted by the underlying epidermis. Move- 
ment is rendered possible by the presence of softer areas between 
the firmer tracts, so that the head is not immovably fixed, the 
segrments of the abdomen can move one upon the other, and 
the joints of the limbs can be bent in various directions. In 
fact the same problem has had to be solved as that involved 
in the construction of a suit of armour, i.e. the combination of 
efficient protecting power without undue sacrifice of flexibility. 
It is of especial importance to notice that the narrow side of 
the body is for the most part provided with a softer investment 
than the broad upper and lower surfaces. 

Digestive Organs (fig. 202). — The head of the Cockroach 
is bent downwards at right angles to the long axis of the body, 
so that the mouth-opening at its end faces downwards. It leads 
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into a small mouth-cavity, from the back of which projects a 
pointed tongue, and which passes into a narrow gullet continuous 
with a large thin-walled crop, and that again with a smaller thick- 
walled gizzard, from which a fairly long intestine runs to its 
termination between the cerci. The gizzard is provided with 
an internal chewing arrangement, such as is not uncommon 
among Arthropods. It consists of a firm lining raised into 
horny teeth and bristly ridges. Digestive fluids are poured 
into the digestive tube by a pair of branching salivary glands 
which open into the mouth-cavity, and a number of club-shaped 
liver' tubes (digestive ca;ca) which encircle the beginning of the 
intestine. 

Circulatory Organs (fig. 202). — This is not very highly sj)ccial- 
ized, for a reason to be mentioned later. T he whole of the body 
is traversed by irregular blood-spaces of various sizes, but the 
only definite tubular structure is the heart, a long narrow blood* 
vessel running through the thorax and abdonien close to the 
upper surface. Along its sides are numerous pairs of \al\ular 
openings, through which blood passes in from th(‘ surrounding 
blood-space (pericardial sinus) to be pumped forwards. T he h(Mrt 
is systemic, as it contains pure blood. 

Rcspn'atory Organs (fig 202). — These organs j)resent a\ery 
interesting and rtmiarkable «irr.ingenK nt, for instead of C+Te impuie 
blood being sent to a localized lung for [)urification, air is con 
veyed to all parts of the body by iikmiis of brain hing tniiheal 
tubes. 'These communicaU* with th(‘ exterior b\ nu.ins of ten 
pairs of small <^{)enings or :>t/gn/ata on tin suit s of the bcidy, 
all but the first two pairs being in th(‘ <ibdomui C )bservation 
of a living C'ockroach will show that the .dnlomcn alternately 
dilates and contracts, the result being that .lir is drawn into and 
e.xpelled from the stigmata. It is thenTon* possible to choke 
an insect by smearing the sides of the l^ody with oil or some 
other substance which will block up these openings. The tracheal 
tubes apfKiar silvery under the microscope, owing to the air which 
they contain, and they are lined by <in elastic membrane thickened 
into a continuous spiral thread, so as to render them very flexible 
and non-collapsible. Just within each sjaracle is a kind of valve, 
formed as a projection of the lining membrane and helping to 
prevent the intrusion of foreign particles. 

As a result of this very thorough system of aeration, the blood 
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never has the opportunity of remaining impure, a fact which ac- 
counts to some extent for the imperfect condition of the circulatory 
organs. The restless activity of insects, and their great muscular 
powers, are also no doubt related to the unusually perfect state of 
the breathing apparatus. 

Excretory Organs . — These also are very unlike anything .so 
far described in the animal groups reviewed. They consist of 
a large number of very slender Malpighian tabes, which open 
into the intestine not far from its commencement. 

Ncn'oiis System and Sense Organs (fig. 202). — The ncf'zmis 
systcjn consists of a narrow and much -thickened ne'rz'e-ring closely 
encircling the gullet, and of a ventral double nei'i'c-co7'd. The 
upper part of the ring is formed by a pair of large brain-ganglia, 
sending nerves to the eyes and antennae, while its lower part is 
made up of another pair of ganglia, supplying the upper lip and 
three flairs of jaws. The ventral cord dilates within the thorax 
into three pnirs of ganglia which innervate the three thoracic 
segments, and within the abdomen into six smaller pairs of 
ganglia, of which the first five belong to the corresponding 
abdominal segments, while the last and largest [)air [)rovide for 
the nerve-supply of the last five segments. Segmentation of the 
body as exhibitc'd by Vertebrates, yXrthropods, and some other 
])hyla of the animal kingdom, means the existence of a number 
of successive rings or segments, containing sections of the various 
internal organs. Where the segmentation is very well marked, 
many structures are affected by it, and the more primitive' the 
animal the more closely do the segments resemble one another. 
As regards the nervous system of Arthropods, there can be no 
doubt that the simplest condition is found in the presence of a 
distinct pair of ganglia for each segment, but Insects esjjecially 
present considerable modifications of this primitive arrangement. 
Where a segment is relatively large, its ganglia will be so too, 
as seen in the thorax of the Cockroach, while fusion of segments 
will be accompanied by fusion of ganglia, as in the case of the 
jaw-bearing segments. The ganglia, further, may be among the 
first parts to fuse together, as seen in the last pair of the abdominal 
chain in the Cockroach, which represent the ganglia for the last 
five segments all united together, though the segments themselves 
are still more or less distinct 

The chief ^ sense organs are those of touch — including the 
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antenna:, maxillary palps, labial palps, and cerci — and those of 
vision, as represented by the large compound eyes. There is 
good reason to believe that the antennai are organs of smell as 
well as of touch, and it is probable that some of the mouth parts, 
perhaps the second maxilla:, have to do with taste. It may be 
further remarked that great difficulty attaches to the interpretation 
of many of the sense organs possessed by animals (see p. 264), 
and Insects, among others, are undoubtedly endowed with special 
senses of which it is difficult, if not imjxissiblc, for us to form 
any idea, our only definite standards being our own sense organs, 
which are those of much specialized land animals. In a subsequent 
chapter this interesting subject will be more fully discussed. 

Lifc-lii^tory . — An insect such as a Butteifly or Moth goes 
through widely different stages in its life -history Hatching 
from the egg as a caterpillar, it grows to a considerable size, 
and then becomes a motionless chrysalis, from which the adult 
insect later on escapes, its body having been formed by a series 
of revolutionary changes from the substance of the chrysalis 
body. This life-history, familiar to all who have kept silkworms, 
and furnishing a useful metaphor to moralists of all centuries, is 
one which exhibits complete change of form, or metamorphosis, 
to use the technical expression. The life-history of the Frog 
(see p. 254) is an example of the same kind of thing, the 
essence of which consjsts in considerable modification in form and 
structure after the animal has lx:en hatched out and has started 
a free independent existence Insects differ very much among 
themselves as to the amount of metamorphosis, aiul the Cockroach 
exemplifies an order in which it is so slight as to be practically 
absent. The eggs are laid in horny capsules, each containing 
sixteen, and the Just-hatched Cockroach closely resembles the 
adult, from which it chiefly differs in its smaller size and the 
absence of wings. As growth proceeds, the firm cxoskeleton is 
not increased in size to suit the enlarging Ixidy as in a Mollusc, 
but is bodily thrown off or “moulted”, a very common phenomenon 
among Arthropods. After some seven moults the adult size is 
attained. 

Classification of Insects . — Considering that some 250,000 
distinct species have been described, and that at least ten times 
this number are believed to exist, it will be realized that the 
classification of insects is likely to present some difficulties, espe- 



INSECTS 351 

daily as there are not the same obvious distinctions as are foundT 
in some other groups, e.g^. Molluscs. Various subdivisions have 
been proposed, some of the modern ones being complex, but it 
will be the simplest plan to adopt here the comparatively old- 
fashioned grouping into nine orders, primarily based upon the 
characters of the wings, and which is mainly due to Linnaeus. 
It will be enough for the present purpose if some of the commonest 
insects are mentioned, and sufficient detail given to enable the 
reader to refer an insect to its proper order. 

Order i. Bugs (Hkmipteka). — Four wings, of which the front pair are 
often only membranous at the tips. 

Order 2. Fringe-winged Insects (Tiiysanoptera). — Four wings, all 
very narrow and fringed. 

Order 3. Flies (Diptera). — A single pair of membranous wings equiva- 
lent to the front pair of other insects. 

Order 4, Moths and Butterflies (Lepidoptera). — Four wings present, 
covered with scales. 

Order 5. Beetles (Coleoptera). — Four wings, of which the front ones 
arc converted into hard wing-cases, covering the membranous hind-wings, 
which during repose are foldod transversely. 

Order 6. Membrane-winged Insects (Hvmenoptera). — Four mem- 
branous wings possessing but few nervines, and which cannot be folded up. 
Fore- wing larger than the hind. 

Order 7. Net -winged In.sects f Neuroptera). — Four membranous 
wings, with an elaborate net-v.ork of ncrvure.s. 

Order 8, Straight- winged In.sccls (Or PHOPTERa). — Four wings, of 
w^hich the front pair are horny wing-cases, while the others arc membranous 
and fold up in a fan-like manner when at rest. 

Order 9. Wingless Insects (Aptek \). Primitive wingless insects. 
Insects belonging to other orders may have lost their wings by a process of 
reduction affecting one or botli sexes. 


Order i. — BUGS (Hemiptera) 

The English name given to the order is somewhat libellous, 
for though a number of repulsive forms are included here, others 
again are beautifully coloured and attractive objects. A typical 
species is outlined in fig. 203. There is considerable variation 
in the matter of wing^s, as both pairs may be much alike, or the 
fore-wings may be wing-cases, or again both pairs may be absent. 
In all cases the mouth-parts are converted into piercing and 
sucking organs, which, though much unlike the corresponding 
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parts of the Cockroach both in appearance and use, can be 
compared with them part for part. The narrow upper lip 
is pointed, and below it are the mandibles, but these, instead of 
being cutting-jaws, are long piercing stylets, grooved along their 
inner sides in such a way as, when applied together, to form a 
double tube down the lower half of which saliva can pass to the 
object pierced, while juices can travel along its upper half to the 


mouth. Outside, and close to the 



Tig ao3 —A typical Bof 
A Fint two segments of thorax , homy 
part of wing-co/en r,/, membranous part of 
wing'covert . aoteniue , A,* A, h, legs, i, eyes 
9 ck, top of head 


mandibles, are the first maxilUe 
in the form of two more 
stylets devoid of palps. 
The four stylets to- 



Fig 304 —Cicada, seen 
from belu%^ 


gether constitute an .efficient piercing organ which can be pro- 
truded or drawn back at will by the action of special muscles, 
and it also forms a channel along which fluids can be conducted 
to the mouth, as just explained. T he second maxillee, including 
their palps, are fused together into a sheath for the piercing mouth- 
parts. In most cases the adult condition is attained without any 
large amount of metamorphosis. 

The order is conveniently divided into two sub-orders; i.e, 

1. Homoptera, in which the two pairs of wings are similar; and 

2. Heteroptera, in which they are unlike. 

I. Homoptera, — These all live upon the juices of plants, 
and their fore-wings are of uniform texture. Cicadas (fig. 204) 
are large, broad insects with membranous wings of considerable 
size, which may be opaque and brightly coloured. Tht antennae 
are very small, and the head not only bears large lateral eyes, 
but also three sipap}e eyes or ocelli placed in front and often gem- 
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like in appearance. The males are provided with musical organs 
on the under-side of the thorax, by which they are enabled to 
make a chirping sound, the well-known "song of the Cicada”. 
The eggs are deposited in the branches of trees by means of a 
piercing organ with which the tail of the female is provided, and 
from them are hatched wingless larvae, which dig into the ground 
by means of their fore-legs and subsist on the juices of roots, 
ultimately making their way up again and becoming adult. The 
larvae may remain as such for a long period, in one North 
American species for seventeen years. Cicadas, of which there 
are very numerous species, inhabit the warmer parts of the earth, 
some of them being natives of South Europe. 

Lantern- Flies and their allies make up a closely-related family, 
ipany members of which are beautifully coloured, but the species 
found in Europe (including Britain) are not highly endowed in 
this respect. The name "lantern-fly” has not been so far justified. 

MoiSt ^rsons have seen, during the summer months, those 
frothy masses on plants to which the name "cuckoo spit” is 
vulgarly givep. These en- 
close the larvae of small insects 
belonging to this sub-order, 
and known as Frog-Hoppers 
on account of their leaping 
powers. 

Plant- Lice, or Green-Flies, 
furnish other examples (fig. 

205^. The best-known forms 
are the little green aphides 
common on geraniums and 
other garden plants, and which, like their immediate allies, are 
distinguished by a complex life-history. The Vine -Louse {PAyl- 
loxera vustatrix) is a creature of the kind which does immense 
damage in vineyards. 

The Cochineal Insect {Coccus cacti), on the other hand, is of 
$;conomic importance. It is a native of Mexico and Qentral 
A«P9^ca, where it feeds upon cacti. 

'> Heteroptera. — To ;the insects of this sub-order the name 
is properly applied. When wings are present, the front 
pair are transformed into wing-covers, the tips of which, however, 

remain membranous. Many of the species are distinguished by 
vot L • *s 



Fig 305 —Cabbage Aph» tnusiat) ’ 

I, a, Male (natural sue and enlarged^ 3, 4, female (natural 
sue and enlarged) 
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a disagreeable odour, due to the secretion of certain glands which 
open on the under-side of the third segment of the thorax. Some 
are terrestrial and others aquatic Many of the land bugs are 
not among the personal enemies of man, but feed on the juices 
of plants. These forms mosdy escape the observation of those 
who are not entomologists, but the wingless blood-sucking bed- 
bug {Cimex lectularius) has an effective way of compelling 
attention that has rendered it the most widely known among its 
order. Even more odious are the small wingless forms known 
as lice which infest the bodies of human beings and many other 
animals, multiplying with astonishing rapidity. They are regarded 
as bugs which have become degenerate as a result of their parasitic 
habit A typical example is the Head- Louse {Pediculus capitis), 
which feeds on the blood of the scalp, and lays its eggs on the 
hairs, to which they are firmly attached. 

The water-bugs comprise a number of forms familiar to the 
student of fresh-water life, and to some extent known even 
to the casual observer. The skaters, which are often seen 
gliding about on the surface of the water, are of this kind, or, to 
speak more accurately, constitute a family allied both to land- 
and water-bugs. The Needle- Bug {LimnobcUes stagnoruni), with 
long attenuated body and deliberate movements, is conspicuous 
among them. The Pond-.Skater {Gerris pa/udum) has^^a stouter 
body and moves very rapidly. One genus (Halobates) is especially 
I ’csting in being a marine form living upon the surface of the 
st;a even at. great distaiices from land. This is remarkable, for 
though insects are exce< dingly dominant as terrestrial forms, and 
are far from uncommon in fresh water, they are almost unrepre- 
sented in the marine fc.ina. 

Water-bugS proper are inconspicuous insects distinguishable 
from their terrestriaJ allies by their extremely-reduced antennae, 
and by the fact that they actually live in the water and not merely 
on it like the skaters. The IVater-Scorpions are rapacious nf^row- 
headed forms, in which the fore-legs are used for seizing their 
prey. The narrow tail-like prolongation which has su^ested 
the common name is an arrangement connected with bre^^ingt 
as will elsewhere be described. In some species there is aihixiad 
flat body (e,g. Nepa cinered), while in others it is kmg and oairow 
{Ranatra linearis). Equally common are the broad - bdjP$ed 
Water- Boatmen (NoUmeetd), which, by means of their long hair- 
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fringed hind-legs, row themselves along upon their backs. Like 
the forms already mentioned, they prey upott smalf flies and the 
like. 


Order 2.— Fringe-winged Insects (Thysanoptera) 

This is a very restricted order, including minute insects with 
suctorial mouth, long narrow body, well-developed slender an* 
tennae, and four narrow wings 
with a fringe of hairs. The 
male is wingless. There is 
also a peculiarity about the 
feet, which end in bladder-like 
lobes. 

Some of the species infest 
flowers, those of Elder; 
and the Corn Thrips ( Thrips 
cerealtum) (fig. 206) does 

a ffood deal of damage to 3 4. fcmal* fly»ng Potato Thni»(/'-*r//x»r/#i*r/i«iw«). 

o ^ 5t 6, larva, 7, 8, female flying 3, 3, 5, 7, natural size, i, 4, 6, ^ 

crops. enlarged 

Order 3 . — Flies (Diptera) 

This is one of the largest orders of Insects, and includes not 
only innumerable Flies, but also those modified forms which are 
known as Fieas. As the scientific name indicates (Gk. dis, twice ; 
pteron, a wing), only two wings are present (fig. 207). These 
are membranous, with comparatively few nervures, most of which 
run longitudinally, and they correspond to the fore- wings of other 
Insects. The hind-wings, however, have not entirely disappeared, 
but are represented by two club-shaped vestiges, which from their 
function are known as balancers (kaUeres). 

The mouth-parts (fig. 207) are adapted for sucking, and often 
for piercing as well, but there are considerable differences from 
the arrangements which serve similar purposes in the Hemiptera. 
These structures are best developed in the females of such forms 
as Gnats, Mosquitoes, and Gad-Flies, where mandibles, maxill*, 
and tongue are in the form of five piercing stylets, ensheathed 
in an imperfect tube formed by the labium and partly covered 
over by the long sharp labrum. Maxillary palps can be seen 
at the b aw» of the protoscis. In the males of these forms, and 
both sexes of some members of the group, e.g. House-Fly {Musca 



Fig ao6 —Cora Thnps ( rhnps certetltntn) , 1 , 3, female walk- 
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domestud^ the piercing parts are much reduced arid the mouth 
is purely suctorial. 

DiJ>tera undergo a complete metamorphosis. From the egg 
a limbless larva (maggot) is hatched, which becomes a pupa^ 



Fig 407 — btructure of Fhcs \Pt^t€ra\ enlarged to vanoui scilea 

I, Parts of body 1 , head , o, a, eyes /,/! antenxue 11 and iti, thorax, c, c, wings, e, t, balancers , d, d,d, legs, 
IV, abdomen, with segments indicated, a. Head (front view) <t, antennae ; 6, b, eyes c, forehead, d, d, upper 
lip, palps, f, body of proboscis, suctorial flaps of proboscis. 3, 4 , Heul (side view) a, antennae. 
i, eyes, d^ lower part of face, /, palp, /, proboscb: £, suctorial flaps of proboscis. A, crown of head 5> Pro- 
boscis (front view) a, ft, palps. b,i, suctonal flaps. c,c, stalk. 6, Proboscis (side view' a, palps, 6, suctorial 
flaps, c, stalk, d, mandibles 7-10, Anlemue of vanous flies, ti, Foot, a, a, claws, b,b, adhesive lappelt 
c. brutles. 


that may or may not possess the power of movement, and from 
which the adult insect or imago is developed. As the adult docs 
not grow in size, the various -sized Flies 
which are often to be seen on windows and 
elsewhere are different species, and not, as 
often supposed, different staores in the growth 
of the same species. 

The Common Gnat (JCulex pipiens) (fig. 
208) is a representative of a very large 
family in which the females are distinguished 
by their blood-sucking propensities, while 
the males are supposed to live upon the 
juices of plants. The body is slender, 
the legs long, and the antennae are well- 
developed, those of the male being beau- 
tiful plume-like pbjects. The eggs are laicjj pn ,the surface of 
ponds, &c, a considerable number being agglutinated together 



F%. rod.— CoouDoo Gnat [Cititx 
inticii cnlaxg^ 
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into a sort of raft The larva which hatch out from them 
(fig. 209) look something like little red worms with large heads, 
and they possess a special breathing arrangement in the form of 
two tubes, each with a stigma at its tip, projecting from the hinder 
end of the body. The favourite position of the larva is suspended 
head downwards close to the surface, with the ends of these 
tubes just projecting above water, and so enabling breathing to 



fig A>9 -I^irva of Common Gnat [CuUx pi*tens\ gieaMy enlarged 


be carried on. After several moults, the larva becomes a pupa, 
at the front end of which the wings, legs, and antennae of the 
adult can he dimly made out under the skin. From each side 
of the thorax a breathing-tube projects, and these are used like 
those of the larva, except that owing to their position the animal 
is suspended tail downwards. The pupa is active, and swims 
by jerking its tail. Examination from lime to time of almost 
any old rain-water butt will enable one to trace the successive 
stages of the life-history of the Gnat, the final one of w^hich is 
reached by the splitting of the pupal skin down the middle of 
the back, making a rent from which the aduK Gnat makes 
its exit, being floated up meanwhile by the buoyancy of its 
investments. 

Midges resemble Gnats in many particulars, and pass through 
a somewhat similar life-history; but they are much smaller, and 
it is only the females of some species which possess mouth-parts 
adapted for blood -sucking. The small black Midge (Ceratopogon) 
which is so troublesome in the summer months is one of these 
forms. The Plumed Midge {Chironomus plumostis), of which 
hosts may be seen dancing together any summer evening, is a 
well-known species, distinguished by the great beauty of the 
antennae in the male. 
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The Crane-Flies are much larger insects, of which the Daddy- 
Long- Legs {^Tipula oleracea and other species) is known to all. 
The peculiarly long legs are especially useful in enabling the 
animal to progress rapidly through grass. The eggs are laid 
in meadows, and the larvae feed upon the roots of grasses. 

All the preceding are distinguished by comparatively long 
antennae, but in numerous families these appendages are very 
short. Well-known examples are the Horse-Stinger or Cleg 
(Tabamis 6 <>vis), a large sjjeckled insect, the bite of whose 
female has been experienced by most of us in walking through 
woods; the notorious cattle pests called Bot-Flies {Hypoderma 
bovis, ox-bot; CEstrus ovis, sheep-bot; Gastrophihis equi, horse- 
bot); and the Tsetse -Fly [Glossina morsitans). Here, too, 
belong the Blue- Bottle {Mnsca vomitoria)^ House- F'ly {Ali/sia 
domesticd)y emd their allies, constituting a family in which the 
piercing mouth-parts, as found in many of the preceding, have 
been reduced to mere vestiges, while a complex sucking proboscis 
is present, formed chiefly by the labium. The Fly’s tongue is one 
of the commonest, most beautiful, and at the same time most 
complicated, of micro.scopic objects. 

The Fleas are doubtfully associated with the Diptcra as degraded 
forms living parasiticaHy on the bodies of warm-blooded animals. 
The mouth-parts are modified for piercing and sucWng, but pre- 
sent considerable differences from the arrangement described for 
the Gnats, &c. (p. 355). Wings are absent, and so are compound 
eyes, the organs of vision consisting only of a simple eye on each 
side. The long strong hind-legs are associated with great powers 
of leaping, "^he Common Flea {Pulex irritans) is not, as often 
imagined, th^*. same species as those infesting cats, d(»gs, and 
other domes^ c animals. It appears, indeed, that there are very 
numerous sorts of Fleas associated with different Mammalia, even 
Bats being attended by their own peculiar species. 

Order 4 .— Moths and Butterflies (Lepidoptera) 

The insects of this order are, in the vast majority of cases, 
so characteristic-looking that they can be recognized at first sight 
mainly because they possess two large pairs of wings covered with 
minute variously-shaped scales (fig. 210), easily rubbed off as what 
is popularly called the “ dust ” of the wing. The presence of 
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these scales <^ves rises lo all sorts and combinations of colours, 
often of extreme beauty. 'Fhe male and female of the same 
species are often very different in appearance. 

The head, which is well-marked t)ft* from the thorax, bears 
long antennae and prominent compound eyes, while its mouth- 


parts are converted into a 
long proboscis, carried rolled 
up into a spiral when not in 
use (fig. 21 1). This organ 
is used to suck up the nectar 
of flowers or, in some cases, 
liquid matter of a less sa- 





voury kind, but differs en- 
tirely in structure from the 
corresponding organ of a 
Fly. 'The upper lip is incon- 



spicuous, and the mandibles I-.g.*ia-Srales from wings of various lli.Ucrflics 

‘ ^ ^ ally enlarged; 

have disappeared altogether, 

while the second maxilhc are fused into a small plate bearing two 


conspicuous palps. 'rh(‘ sucking i^irt is formed entirely from the 
much -elongated Jii'st niaxilhc, each of which is a long jointed 
structure grooved deeply on its inner side, so that when approxi- 


mated to its fellow' a 

not ctnly the win^i j 

but three pairs of ^ 

weak legs, and is „ . . , . « 

fairly well marked 

off from the abdomen, which is generally elongated, but may either 


V Butterflies (eiiKirged) 


be very slender or else broad according to the species. 

The life-history of a Moth or Ihitterfly furnishes a good 
example of complete metafnorpheds. The eggs are laid upon 
some spt'cial food-plant, and the larvae which hatch out from 
them are ravenous caterpillars which feed upf'in vegetable matter 
or, more rarely, other substances. The head is provided with 
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an extremely short pair of antennae, a group of simple eyes on 
each side, and biting mouth-parts. The cylindrical trunk is 
composed of eleven segments, the first three of which bear 
jointed legs corresponding to those of the adult; and besides 
this, from one to five of the other segments possess stumpy pro- 
legs which have sucker-like ends. Those at the posterior end 
of the body are often modified in various ways. 

Cate 7 'ptllars vary much in size, colour, and other characters, 
among which may be mentioned presence or absence of hairs, 
some being smooth and hairless, and others so hirsute as to 
have earned the popular name of “ woolly bears ” After leading 
a life entirely devoted to continuous feeding for a period varying 
from weeks to years, during which time the skin is frecpiently 
moulted as the body increases in size, the caterpillar becomes 
lethargic and passes into the quiescent pupa sUige, constituting 
what is generally called a chrysalis, A continuous horny cov ering 
invests body and limbs alike, beneath which the parts of the 
perfect insect can be dimly traced. Innumerable methods of 
concealment and protection ward off to some extent the attacks 
of enemies during this helpless period. In some cases the 
chrysalis is to be found above ground suspended by a silken cord, 
or fastened to some object by a girdle of the same nmteriak in 
which cases its colour commonly harmonizes with the surround- 
ings and renders it inconspicuous. Other chrysalicKs are sheltered 
underground, and others again are to be found within cocoons, of 
which the silkworm is the most familiar illustration. 

The last stage is reached when the perfect insect or 
issues from the chrysalis at a time dependent upon favourable 
conditions of temperature and various other factors, such, e.ff., 
as a suitable state of the particular food-plant upon which the 
eggs are laid. 

The most convenient way of subdividing Lepidoptera is into 
the two groups of (i) Butterflies (Rhopaloccra) and (2) Moths 
(Heterocera), of which the latter include a very much greater 
number of species, there being in Britain, for example, over 
1900 sorts of Moths as against between sixty and seventy species 
of Butterflies. 

I. Butterflies (Rhopaloccra). — Butterflies for the most part 
are active in the daytime, especially during sunny weather. 
They can readily be distinguished from Moths by the antennae, 
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which are club-shaped, and in most cases by their hal)it of 
shutting the wings together over the back when they alight. 
As the wings are far less l^rilliantly coloured on their under 
sides, which are then the onK surfaces visible, a very efficient 
means of protection is .ifforded. 'Fhe body is comparatively 
slender, and the demarcation between thorax and abdomen well- ^ 
marked. The eggs are often sculptured in a way which renders 
them extremely beaiitiful microscopic objects, and the caterpillars 
may be naked, slightly hairy, or covered with branching spines. 
They posses five pairs of pro- legs. The angular chrysalis is 
sometimes simply susjK nded In the tail, or it may be fixed head 
upwards both by the tail and by a silken girdle round the thoracic 
region. It is frequ(“nlly marked with metallic palchc^s. to which 
the name chrysalis is dii(‘ ((jk. t^old). 

Hiitterflies are found in all p.irts of the world, and some 
common examples may here be mc-ntioned. 

I he I^nliuary Fiijuify is .it once the largest and most widely 
distributed grouj) of lUitKTllies. 1 hey are distinguished by the 
remarkable f.ict that the- fore-legs are so much reduced as to 


be useless for walking purposes. 
Among British sjK'cies are the 
(ireat Tortoiseshell (1 'aficsscr 
fio/vf/f/oros) (fig. 212 ), the Small 
rorloiseshell [1 . iiriiia"), the 
I’eacock lUitterlly ( / ’. Jo), and 
the Red Admiral ( / A//ania), 
in albof which the larwe feed 
on nettles: the Painted I.ady 
( f '. cardui\ an almost cosmo- 
politan species, of which the 
larv:e feed on thistles; and the 



Purple Emi)cror {A/>a/nra Iris), a much rarer and finer insect, 
with a predilection for carrion. Closely related to these is the 
Resplendent Ptolemy {Morpho Ncoptokmus\ a gorgeous tropical 
Butterfly. Morpho cypris is brilliant blue, streaked with white. 

The family of Whites includes several liritish specic4 which 
are perhaps more familiar than any other, partly on account of 
their conspicuous colour and partly ow’ing to the ravages which 
their larvce perpetrate in the kitchen -garden. The abdomen Js 
enveloped by the basal part of the hind-wings. This family is 
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almost universally distributed, and British species are: — the 
Black - veined White {Aporia cratagi), the Large White or 
Cabbage Butterfly {Pieris brassicce), the Small White or Garden 
White (/^. rapa\ and the less common Green -veined White 
{P. napi)\ the beautiful little Orange Tip (/Inthockaris carda- 
mines), so named from the markings on the wings of the male; 
and the handsome Brimstone Butterfly {Gonopteryx rhanini), with 
angular outlines to the wings. 

The Swa/low-tai/ed Butterflies, which rival the Whites in 
their range of distribution, include numerous gorgeous tropical 
species, and the common name has reference to the slender “tail” 
into which the posterior margin of each hind-wing is often pro- 
duced. The type genus, Papilio, comprises over 300 species, 
including our largest British form {PapUo mac/iaon), now limited 
to the fen district. The huge Bird-winged Butterflies (Ornithop- 
tera) of the Malay region belong to the same family, though they 
are without tails. 

The family of Blues and Coppers is represented in all parts 
of the world, many of the tropical species being exceedingly 
beautiful. Two common British species of small size may be 
mentioned in illustration: the Common Blue (Po/yommatus alexis) 
and the Small Copper {Chrysap/ianus pklaeas). 

2. Moths (Heterocera). — Moths are mostly nocturnal forms, 
differing from Butterflies in many particulars, among which may 
be mentioned the absence of knobs on the ends of the antennie, 
and the habit of reposing with the wings spread out horizontally 
or folded round the body. The body is often much thickened, 
and the demarcation between thorax and abdomen is not well 
marked. In most cases there is a special “hook-and-eye” 
arrangement for uniting the wings during flight, and consisting 
of one or more bristles at the root of the hind-wings, which fit into 
a socket on the under side of the adjoining part of the fore-wings. 
The larvae are either naked or more or less hairy, and may possess 
as many pro-legs as those of Butterflies, or fewer. The pupae 
are rounded in outline, usually enclosed in a cocoon, and in many 
cases concealed underground. 

The group may be divided into (I) Large Moths, including 
Hawk-Moths, Clear- Wings, Spinners, Owlets, and Loopers; and 
(II) Small Moths, embracing Leaf- Rollers, Leaf-Miners, Plume- 
Moths,. auid many others. 
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I. Large Moths^ as the name indicates, are usually of con- 
siderable size, and agree with the Butterflies in the following 
characters: — The wings are elaborately veined, and the larvae, 
which feed upon leaves, have downwardly-directed heads, and, 
usually, a curved line of horny bristles near the tip of each pro-leg. 
The abdomen of the pupa is devoid of transverse rows of spines. 

Hawk- Moths are large swiftly-flying insects with a very long 
proboscis, suited for draining honey from flowers (such as honey- 
suckle) possessing a very long tubular spur. The caterpillars 
have smooth brightly-coloured skins, and are provided with five 
pairs of pro-legs, while a horn-like projection is found on the 
upper surface, near the hinder end of the body. The pupae are 
found underground, enclosed in cocoons of earth. British ex- 
amples are the Death’s-Head Moth {^Achcrontia Atropos\ with 
markings on the upper side of the thorax looking like a skull and 
cross-bones, and the Privet Moth (Sphinx ligustri). The larva 
of a cominvn European species, the Pine Hawk- Moth (Sphinx 
pinastri) is very destructive to pine-trees. 

The Clear- Wings are remarkable from the absence of scales on 
the wings, owing to which, and the nature of their markings, they 
resemble wasps, &c., this being no doubt a protective arrange- 
ment. The Hornet Clear-Wing (Trochilium apiformc) is a typical 
native species. 

Spinners arc large clumsy moths, clothed with abundant hair, 
and provided with a short proboscis. The colours are dull, and 
the two sexes differ considerably in appearance, e.g. in the character 
of the 'antenna?, which are plume-like in the male, and thread-like 
-in the female. The caterpillars are more or less hairy, and Ixifore 
becoming pupae spin cocoons, which may be entirely of silk, o»* 
contain a number of cast hairs in addition. One of the most 
beautiful British .species belongs here, the Emperor Moth (Satnrnia 
carpini), with an eye-like marking on each wing, and the cater- 
pillar, abundant on heather, of emerald-green with pink tubercles. 
The spread of wing may be as much as 3 inches, but this 
appears small by comparison with exotic species, especially the 
Atlas Moth (Attacus atlas), in which the wings measure about o 
foot across. Among other ^native species may be mentioned 
the large Goat Moth (Cossm ligniperdd), with wood-boring larva; 
the Tiger Moth (Arctia caja)\ the Puss Moth (Cerura vhiula), 
with an extraordinary-looking caterpillar; the Buff-Tip (Pygerra 
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iu€ephala)\ the Pale Tussock-Moth {Dasychira pudibunda)\ the 
Lackey {Clisiocatnpa neu$iru£)\ and the Oak Eggar {Lasif^campa 
quercus). Spinner Moths, however, are best known from the 
Silkworm Moth (Bombyx morz), a native of China introduced into 
many countries for the sake of its silk. 

Owlets form the largest group of the Lepidoptera, and include 
dull-coloured species, with comparatively small fore-wings, each 

of which is characteristically 
marked with a couple of spots, 
one round and the other some- 
what kidney -shaped. The 
larvae of many sj^ecies, as 
“surface caterpillars”, do much 
harm to crops, and the pupae 
are found underground, en- 
closed in earthen cocoons. 
Common British species are: 

Fig ai 3 —Yellow unJenMiig thc Commou Waiuscot Moth 

i,(atcrpiiUr a. chr> whs. 3, adult . \ 11 

{^Leucania pallens), Yellow 
Underwing {Triphana pronuba, fig 213), the Heart -and -Dart 
Moth {^Agrotis exc/aniationis), and the Silver Y (Plusta gramma), 
Loopcrs are moths of slender build, with broad thin wings and 
small antennae. The caterpillar has but two pairs of pro-legs, 
placed right at the posterior end of the body, and this necessitates 
a curious mode of locomotion, which gives the name to the group. 
The body is stretched out to its full length, and then, while holding 
firmly by means of its three ordinary legs, the pro-legs are brought 
up and fixed close behind them, the body being thus thrown intQ 
a loop. Now, holding firmly by the pro-legs, the body is stretched 
forwards, and the ordinary legs attach themselves again. By 
repeating these manoeuvres the caterpillar can move rapidly along 
in a curious looping fashion. When at rest the larva has a curious 
habit of attaching itself by the pro-legs, and stretching out the 
body at an angle to the surface of attachment, at the same time 
stiffening itself. This position can be retained for hours, and 
the caterpillar looks so like a short bare twig that it is rendered 
extremely inconspicuous to its enemies. Common British species 
are: the Brimstone Moth {Pumla crateegatd), the Magpie or Cur- 
rant Moth {Abraxas gross 7 ilar{ata), the Winter Moth (Cheimatobia 
bnitnata), and the Chimney Sweeper {Tanagra charophyllatcCs. 
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II. The Small Molks, as their name indicates, differ from 
the members of the other j^roup in size, and usually possess long 
slender antennx'. The caterpillars, which burrow in vegetable 
substances or conceal themselves by rolling leaves together, have 
their heads forwardly directed, and a circlet of spines near the 
tip of each pro-leg, ^of which there are five pairs. The pupae 
are generally distinguished by the presence of transverse rows of 
spines on the upper side of the abdomen. Among the groups 
may be mentioned Leaf- Rollers, Leaf- Miners, and Plume- Moths. 

Leaf- Rollers are so named from the habit many of the larvae 
have of feeding either between leaves which they have glued to- 
gc'ther with silk, or else inside individual leaves which have been 
rolled up and fixe d in a similar way. Common British species 
are: the Green Oak Moth {Toririx vh'idand), and the Codlin 
Moth iCarpocapsa /omo 



Fig 214 — Aduli of a Clothes 
Moth 'enlarged I V' (\ 


Fig 215 — I^arvae of ^ f lothes Moth 
(cnlargeu; 


with narrow hair-fringed wings. One of the prettiest species is 
the Little Ermine- Moth [IIypo 7 iomeiita padella\ the larvse of 
which keep together in companies as hatched out, and spin a 
considerable amount of web. I hey devastate the leaves of 
hawthorn, sloe, &c. Another beautiful but extremely small form 
is the Brown Dolly {Litlwcollciis corylella), the caterpillars of 
which mine in hazel leaves. Unfortunately, however, the best- 
known are the different sj^eciesof Clothes Moth {Tinea pellionella, 
Trichopha^a tape tze lid) (figs. 214 and - ’ 5)* 

The Plume-Moths are a comparatively small group of pretty 
little long-legged moths with wings split up into a varying number 
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of plume-like portions. Common British species are : the Common 
Plume- Moth \Pterophorus pterodcLctylus) and the Twenty- Plume 
Moth {Aliuita p>ofydacty/ay 

Order 5. — BEETLES (Coleoptera) 

This is by far the largest order of insects, and includes forms 
which are for the most part easily recogni;^able, though the name 
of “ beetle ” is popularly but erroneously given to members of 

other groups, e.^. to the Cock- 
roach. The wings of an aver- 
age beetle are of very charac- 
teristic appearance and nature, 
as may be seen by (‘\amining 
such a typical example as the 
little Lady- Bird {CoicincZ/a), 
which is at once known by its 
amspicuous colouring of black 

1, aiwter of e»ss a. egg ijrMily magnified 3, lanra (mag- SlX)tS Oil a Tcd gFOUnd 
nihed 4, aaual length of suue. 5. 6, pupae 7. 8, vanctie^ of * . '1 

Two spotted Lidy Bird \CocctntUti hpimLtnta), 9. Seven* 2 I Cl. At llTSt Sight SUcH 
\pottad Lady Bird C iepUmpnnettUa . * ' , 

an insect a[)pcars to nave no 
wings at all, but every child who has induced a lady-bird to “ Hy 
away home ”, by persuasive shoves added to an alarming story 
of domestic calamity, knows better than that. The fore -wings 

are not, however, organs of 
flight, but horny wing -covers 
or elytra (see p. 345) stretch- 
ing back over the abdomen 
and abutting against one 
another in the mitldle line. 
They protect the membran- 
ous hind-wings (fig. 217), 
which, when not in use, are 
hidden beneath them, and 
are not only folded longitu- 
dinally, as in a Cockroach, 
but also fansversely, a very 
characteristic feature for 
beetles. The head is large, and bears a pair of compound eyes, 
and two antenna; varying greatly in shape <ircor<ling to the 



Fig aiy -—Stagei of Turnip Flea Beetle 'Haltun ntmorum) 


I, Adult (enlargedl, lowing wing-covert nnil wingt apread 
out . 3, 3, natural aize of tame 4, 5, 'enlarged, , 6, 7, bur^ 
rows of larvc (enlarged . 8, 9, larva /natural sue and enlarged^; 
ir, pupa ^natural uze and enlarged) 



Fig art — Lady*Btrds 
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species. The mouth-parts are adapted for biting, and are built 
on the same plan as in the Cockroach (see p. 345), but with many 
differences in detail, as seen, for example, in the more complete 
fusion which has taken place between the two second maxillae, and 
in the fact that these jaws are much reduced. The life-history of 
a beetle (figs. 216 and 217) exhibits a complete 7n€tamorphosis^ 
the larva being a grub possessed, in most cases, of three pairs 
of legs corresponding with those of the adult, and becoming a 
papa differing from that of a moth or butterfly as regards the 
limbs and wings, which form prominent projections instead of 
being merely indicated beneath the continuous 
horny covering. 

Only a few common species, representing £ T 

important families, can be mentioned here. 

Tiger-Beetles are very active, predaceous in- 
sects, including somewhere about a thousand 
species, and distributed generally throughout the / f / > 

world, though most abundant in the tropics. A \ / 

common British form is the Green d'iger- Beetle / \ 

[Cicindela campestris) (fig. 218), common on sandy „8 -Green xiger- 
banks, and distinguished by the beautiful golden- 'Ciandeu camper 
green colour of its upper surface. The larva is 
provided with enormous curved mandibles, and excavates a 
vertical burrow in which it lies in wait for prey. 

Ground-Beetles are also predaceous, and even more widely 
distributed chan the Tiger- Beetles, though much more numerous, 
there Jbeing some eleven thousand species. They are least 
j^bundant in the tropics. A large and well-known British species, 
tljp Violet Ground - Beetle {Carabus violaceus), so named on 
aCDQUnt of the dark violet sheen exhibited by its upper surface, 
is common in fields and gardens, and may also be found in houses, 
where it preys upon cockroaches and crickets. 

Water-Beetles include ravenous forms which resemble ground- 
beetles in many respects, but are adapted to an aquatic life. The 
largest British form is the Great Water- Beetle (Dytiscus fmrginalis) 
(fig. 219), and here may also be inclu^led the Whirligig Beetle 
(Gyrinus natator), which almost everyone must have noticed 
twirling round and round at the surface of the water in ponds 
and ditches. , 

Rovi-BeetUs, possessing broad heads, narrow bodies, and short 
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elytra, agree with the preceding families in their carnivorous 
habits. Most familiar perhaps in Britain is the Eleyil’s Coach- 
Horse [Ocypus olens), which has the curious habit of turning up its 

tail when molested (fig. 220). 

The Scarads rival the 
ground-beetles in number of 
species and include many large 
and handsome forms, distin- 
guished by characteristic an- 
tennae, of which the last few 
joints are so broadened out 
that when expanded they look 
like a small fan. The aidults 
and larvae feed either upon 
Ftg aig (Dr^iicui mofxtmmiu) Vegetable substauccs or on 

Mak to left, and female to nght Part of the fore-focK of duUg. Here beloUgS the lar- 
■lale ^enlarged) u rqireaenied ui centre to show the pad and 

«,ckeir^wUT!r^vKi^ gest Bntish species, the Stag- 

Beetle (Lucanus cervus)^ in 
which the mandibles of the male resemble antlers. The*" largest- 
known beetles are not very distantly related, and forms com- 
monly seen in museums are the Hercules - Beetle [Dynastes 

kercules) from tropical Ame- 
/ / am \ 3 / Goliath- Beetle 

{Goliathus Drurei), the male 
of the former species some- 
^ / / times exceeding 5 inches in 

length, as against jhe 3 
2 inches of our Stag-Beetle., 

^ One of the commonest Bri- 

\ tish dung - beetles is the 
Fig 3M.-Devii s Coach Ho - (c^ y/ta 1/ nt) Dumble- X^OT^Geolrupes stet’- 

corarlus), a sluggish insect', 
of bluish-black colour, often* 


sjt 


Fig Devil s Coach Ho -x [C ypus ns) 

X, Standing with turned up tail a trying 1, f ^ad enlarged, 
to show eye*, antennae ana javrs 


seen crawling slowly along country roads. An allied genus* 
includes the Sacred Scarab {Scarabtms sacer) of the Egyptians. 
The Chafers constit*jie a large and well-known group of the 
Scarab Beetles. Common British species are the Cockchafer 
(Melolmtka vulgaris\ the green-and-brown Garden Chafer (Phyl- 
lopertka horticold), and the beautiful golden-green Rose Chafer 
{Ce/onia auraia) (fig. 221). 
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Weemls are small beetles with 
damage to timber, fruit, and grain, 
are known. A common Bri- 
tish form is the Nut Weevil 
{Balaninus glandium), which 
lays its eggs in hazel-nuts 
and acorns, upon the kernels 
of which the larvse feed when 
they have hatched out Two 
species of Weevil are repre- 
sented in fig. 222. 

Lady-Birds (fig. 216) are 
among the insects which are 
of great use to man, as they 


long snouts which do great 
Some ten thousand species 



Fig. aai — Roae Chafer (CeAvtM amrmta) 
I, Aduh; a, larva. % cocoon, ^ popa. 



Fig ait —Com- Weevil 

1. Grain of wheat, ahowing the punctured hole; and 5, the exit 
'>f the perfect weevil a. Pupa (natural aiie). 3. magnified. 
4. Grain of Indian com, weevil inside. 6, 7, Corn-Weevil 
^Calmndra. grumanm', aalural aixe and magnified, 8,9^ Rice- 
Weevil (C. natural siae and magnified. 


prey upon plant-lice, to which 
their larvae are a veritable 
terror. Over a thousand 
species are known distributed 
throughout most regions of 
the globe. The commonest 
British species are the Seven- 
spotted Lady - Bird {Coui- 
nella septemptmetata) and the 
Two-spotted Lady- Bird (C. 
bipunctata), distinguishable by 
the number of black spots 
upon the red elytra. 


Order 6. — Membrane-winged Insects (Hymenoptera) 

iThis very large nrder contains many thousand described species, 
«M)^ding among many others the different kinds of bee, wasp, 
atfd ahL Not a few live in communities of exceedingly complex 
QdCgl^ization, and these display so much intelligence that there is 
mfich to be said for the view that the order is the highest among 
insects. Four membranous wings (fig. 223) are present, whence 
the technical name (Gk. hymin, membrane; ptermi, wing); they 
possess comparatively few nervures, and are not folded during 
repose. It will be remembered that in most Moths there is a 
“hook-and-eye” arrangement for coupling the wihga together 

Vou 1 . ' 24 
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during flight In the present order the same end is brought 
about by a more perfect contrivance. On the front margin of 
the hind-wing, which is smaller than the fore-wing, a series of 
hooks will be found which catch on to a fold on the hinder 
margin of the latter, and due to a curling up of the edge. The 
complex mouth-parts are adapted for both biting and licking, as 
may be seen by careful examination of a hive-bee (fig. 223). 

The triangular upper lip will here be 
seen to overlap a pair of powerful man- 
dibles, under which come the long first 
maxilla, provided with cutting -blades 
and palps (in this species very small), and 
lastly follow the fused second maxilla. 
These are drawn out into a slender 
tongue-like structure suited for licking, 
and grooved for the conduction of liquid. 

Female Hymenoptera are either pro- 
vided with a sting at the posterior end of 
the body, or else with a piercing' arrange- 
ment (ovipositor) for making holes in 
which to lay the eggs. The metamor- 
phosis is particularly well-marked Larvae 
resembling caterpillars, or it may be of 
.worm-like appearance, hatch out from 
the eggs, which have previously been 
deposited in plants, the bodies of other 
insects, or sometimes in specially-con- 
structed chambers (as in bees). The pupae are generally enclosed 
in a cocoon of silk, and, as in beetles (see p. 366), their limbs 
project freely. 

Three sub-orders are recognized: — i. Plant- Eaters, 2. Insect- 
Eaters, and 3. Stinging Hymenoptera. 

I. Plant- Eating Hymenoptera include the Saw -Elies and 
Wood-borers, of which some thousand species have been described. 
The ovipositor of the female is adapted for boring holes in plants, 
and the abdomen doSs not in either sex narrow to a stalk at its 
base, ais in a wasp or ant. The mouth-parts are not so specialized 
as in the example taken above. The larvae resemble caterpillars, 
for which inde^ they are often mistaken, but may easily be dis- 
tinguished by the presence of iftore than five pairs of pro-legs in 


A. 



Fig 333.— Structure of Hymenopccni 
A, Wings of a bee. Diagram of mouth* 

parts of Honey*Bce {Afu much 

enlarged and widely separated. 
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addition to the three pairs of legs proper, while a caterpillar never 
has more than five pairs of pro-legs, and often fewer. Nor do 
these pro-legs possess, like those of most caterpillars, a curved row 
or circlet of minute bristles 
near their tips. Further, a 
“false” caterpillar has a 

rounded instead of a flat- 
tened head, moves its ab- 

domen vertically up and 
down when * disturbed, and 
cirls it up in a state of rest. 

The “saw” of a saw-fly 
coisists of two curved saw- 
lik? blades protected by F,g =,4.-Tum.pSaw.Fiy 

, , •' 1, Adult female, enUrgcil [natural »ize represented to left of it); 

sheaths when not in use. 1, (natural size and enUrgcdl; 4, 5,6, Urvtc, 7, Locoon ; 

1 1 1 111 pupA in cocoon. 

1 m blades are worked alter- 

natdy backwards and forwards, and the eggs slip down between 
then into the incision formed. A common species is the Turnip 
Saw Fly {Athalia spinai^tim) (fig. 224), the larvae of which ravage 
the cop after which the insect 
is naued. 

Irui Wood-Borer the blades 
corresionding to the saws of a 
saw-fl\are fused together into 
a borii^ spine, which is used 
like anuiger. A conspicuous 
species, not infrequently seen 
in this ountry, is the Large 
Wood- Brer (Sirex gigas) (fig. 

225), als called Wood- Wasp 
from the Tans verse black and 
yellow badings of its body. 

The femas bores holes in pine-trees in which to lay her eggs, 
and from lese, eyeless grubs hatch out which only possess the 
three pairs^f ordinary legs. These larvae burrow in the timber 
by means r their strong mandibles, and later on become pupae 
enclosed in:ocoons formed from silk mixed with fragments of 
wood. 

2. The J^ect-Eating Hymenoptera are so named because 
the larvae areommonly parasitic within the larvae of other insects. 
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though to this there are many exceptions. The abdomen is 
stalked, and the female is provided with a piercing ovipositor by 
which punctures are made for the reception of eggs. The larvae 
a,re pale legless grubs. It is stated as probable that the sub- 
order contains 20,006 species or even more, which means an 
innumerable host of enemies to other insects. The Winter Moth 
{Cheimatobia brumaia), for example, is attacked by no less than 
63 different kinds of Hymenoptera belonging to this group. Two 
leading families are the Gall-Flies and Ichneumon-Flies. 

Gall-Flies are so named because they puncture plants jbr 
egg-laying purposes, with the result that the wounded parts give 
rise to those peculiar excrescences known as “galls'", of whch 
the spherical brown bodies called “King Charles's oak-apples’*, 
common on the oak, are known to everyone who has been in 
the country. This tree indeed is peculiarly liable to the atucks 
of different species of gall-fly, which lead to the productioi of 
galls of totally different appearance, some resembling currtnts, 
others looking like little cones, and others again being in the form 
of circular scales (“ oak spangles ") on the backs of the leaves 

We may mention, as a specific example of a gall-fly, the form 
Rhodiles roste^ which is responsible for the tufted red galb often 
seen on wild rose-trees and known as rose-bedeguars ot “ old 
man's beard”. 

Ichneumon- Flies constitute a family of which nearly OocxD^pecies 
have been described, 'over 1200 of these being Britisk The 
larvae usually attau:k caterpillars, in or on which the egfs were 
laid by the parent Insects of other kinds, and even spi/ers, are, 
however, attacked by some of the species. It was tiljrecently 
thought that the parasite subsisted by devouring the ^on-vital 
parts of its host, but it is more probable that it simp^ absorbs 
the blood of the caterpillar through its skin. 

One common ichneumon - fly {Micrqgnsler glofneiltis) lays 
its eggs in the caterpillar of the common white Cabbag Butterfly, 
within which they hatch out. When the unfortunai host has 
reached its full term of growth, and should be ready 6 tiirn into 
a chrysalis, it is too much enfeebled to do so. TMun^elcome 
guests now bite their way out of the caterpillar and fcome pupae 
on their own account, and it is no uncommon thing / find a dead 
caterpillar which has fallen a victim to ichneumon side by 
side with a little heap of pupae belonging to these ps. Another 
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species {Hemiteks melanarius) (fig. 226) lays its eggs in. the 
chrysalis of the Green-veined White. 

3. Stinging Hymenoptera are generally distinguished by the 
presence of a sting in the female, which takes the place of the 
ovipositor found in the forms 
so far mentioned. Special 
cells are usually constructed 
in which the helpless larvse are 
reared As in the last sub- 
o^er, the abdomen is attached 
b^ a stalk, which may be ex- 
tiemely slender. Ants, Wasps, 
aid Bees are here included, 



many of which live in social 
communities, the politics of 
vhich will be dealt with in 
mother part of this book, 


ftg m6 —The Green-voned While {Fitrt* ma/i), end en 
IchMuinoo*ny (/ftmiiritt tmtioMonus), which lays Me 
in the chryinlu of the nine. i. e, 3. 4. Adult fiunele. cggi^ 
caterpillar, and chryMbe of the hm^y. s, aduk female of the 
MhnaiinMNHfly, of which naliiral um u shown by d. 


aid wh^h in itself would require an entire volume to do it 
jistice. 

More than a thousand species of Ants have been described, 
cf which over thirty are British. Among these are the large red 
Vood Ant {Formica nv/a), the large “ant-hills” of which may 
b( seen in fir-woods, the Slave Ant {Formica fused), the Slave- 
mldng Ant {Polyergus rufescens), the Black Ant {Lasius niger), 
th( Yellow Ant {Lasius Jlavus), and the Solitary Ant {Mutiila 
Euvpcfa). 

Saad-lVasfs dig tunnels in the ground, at the end of which 
eggs are laid. Many of them make a curious provision for 
thei larv£ in the shape of insects, caterpillars, grubs, or it may 
be aiders, which they have stung in the nerve-cord so as to 
rendr them powerless without actually killing them. Among 
Brids forms may be mentioned die Path-Wasp {PomfiKus 
excUUus), which stores up spiders; the Common Sand- Wasp 
{AmsopkUa sabulosei), which buries caterpillars; and the Fly- 
storing Sand- Wasp {MelUnus arvensis), which does the same to 
flies. 


Wt^s are either solifluy or social, the most familiar example 
of the liter kind being the Common Wasp {Vespa vu^aris), 
which, s is well known, constructs nests in banks and other 


places, rhe combs which these contain are constructed of a kind 
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of paper formed by working up bark and decayed woo^ to a sc^H 
of pulp. Another and larger social wasp is the Common Hornet 
( Vespa craAro), in which the front part of the body is of a reddish 
colour. Of solitary species the Mud- Wasps {Odynerus parietum 
and others) may be mentioned, which construct their cells of mud 

in the crevices of walls, the 
l>ollow stems of plants, and 
other places. 

BeeSy like Wasps, include 
social and solitary species, the 
Hive-Bee {Apis mellificd) fui*- 
nishing a good example of thp 
former sort, that also included 
the Humble-Bee (Bombus ter- 
restris) (fig. 227), which makes 
its nests in the ground. In 
solitary bees the labium isi 
much shorter than^ in thd 
Hive- Bee. They belong to 
numerous genera, and include Leaf-Cutter Bees, which make their 
cells from pieces of leaf, Carpenter-Bees {Xylocopd)^ which cut oit 
cells one above another in the trunks of trees, and Flower- Beqb 
{Anthophord), forms which look something like humble-bees. 



F,g 237 —Bees and Flowers of Broad* Bean 
I, Wood Bee B irtutrrutn) 2, 2, Holes cut by bee 
of flowers 4, Humble-Bee Bombus terrrstru) extracting 
nectar through one of the hole. 


n bases 


Order 7 .— Net-winged Insects (Neuroptera) (fig 228) 

This order, which is much smaller than some of those alreidy 
dealt with, contains a great variety of forms which differ leryv 
widely in appearance. The most typical members of the order 
possess four membranous wings exhibiting an elaborate net-fork 
of nervures, quite unlike the simple arrangement characte^stic 
of Hymenoptera. The mouth-parts are usually adapted for bjting. 
Eleven families are recognized, arranged in five groups; Le . — 
I. Dragon-Flies, May -Flies, and Stone -Flies; 2. Flat-vpged 
Neuroptera; 3. Caddis- Flies; 4. White Ants and Book^ice; 
5. Biting- Lice. / 

I. Dragon-Flies^ May-Flies, and Stone-Flies all possess four 
typical wings and pass through an aquatic larval stage. J^d^gon- 
Flies are among the most beautiful objects to be seen in thf course 
of a summer walk in the country. The four large wingf are of 



5 



Fig. aa8.— Net-winged Inaecu 


I, 1^1 Stage* of common May-Fly {E/kemtra imigui^X a. aiDOdier ntedea of May-Fly {Pmtin- 
gtuia korari»y, 3, 30, adult and larva of HorM-Stinger {LiheUtUa dt^ssa) ; 4, 5» Common Scorpion-Fly 
commuHu)'. 6,6a, Alder- Fly {Siaiis l$Uarfm): 7. Large CaddU-Fly Pktygmiua gratulu)', 
B, Dianudid-apoued Caddia-Fly {Limuo/hUus rkemhc^\ 
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about equal size, and the long body is handsomely marked and 
coloured. The freely movable head is provided with very small 
antenmc, a pair of huge compound eyes, three simple eyes (ocelli), 
and biting mouth-parts. Dragon-Flies catch other insects on the 
wing, and their flight is exceedingly rapid, making them the 
swallows of the insect world. The eggs are laid either in water 
or attached to water-plants, and from them extremely voracious 
aquatic larvae hatch out, which are distinguished by the possession 
of an extremely long transversely -jointed lower lip. This is 
usually known as the “ mask ”, because when not in use it is 
folded up in front of the face, from which position it can be 
suddenly shot out for the capture of small animals. The action 
has been compared to that of an old-fashioned carriage -step. 
The larval condition is maintained for about a year or rather 
less, during which time a number of moults occur, while towards 
the end of the period the rudiments of wings make their appear- 
ance. There is no motionless pupa stage, but the full-grown 
larva climbs up the stem of some plant till it is above water, 
when its skin splits longitudinally along the dorsal surface, and 
the adult dragon-fly, which has been meanwhile forming within, 
gradually works its way out. Over forty species of British dragon- 
flies are known, of which the following may be mentioned: — The 
Great Dragon-Fly {/^schna grandis), a large reddish-brown insect, 
with Hghter markings; the Horse- Stinger {Libellulct depressd) 
(fig. 228), with broad abdomen, light brown, with yellow spots 
in the fefnale and violet in the male; and the little Demoiselle 
Dragon-Fly {A grim pKella\ with T-shaped head, and slender 
abdomen, black in the female and banded with light-blue in the 
male. 

The May-Flies or Day-Flies are fragile insects in which the 
hind-wings are much smaller than the others, and the abdomen 
has two or three slender tails attached to it. The adult only 
lives a short time, though the traditional day may in some cases 
be extended to a fortnight The life-history broadly resembles 
that of the dragon-flies, and the larva of some forms appears to 
live three years, an unusually long time, contrasting sharply with 
the brief existence of the imago. Something like 300 species 
have been described, and common British forms are the Common 
May- Fly or Gray Drake iJEphemera vulgala) (fig. 228) and the 
Green Drake {£, Danica). Some of the most successful lures of 
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the fly-fisher are copies of various may-flies, of which the two 
drakes are examples, as are also many of the “ duns ” and 
“ spinners 

Stone- Flies are dull-coloured flattened insects with four mem- 
branous wings which, when at rest, are disposed so as to overlap 
the back and sides of the body. The antennae are long, and 
there are usually two filaments of similar appearance attached 
to the tip of the abdomen. The life-history resembles that of 
the preceding two groups. Stone- Flies are widely distributed, 
and include a large number of species. The best-known British 
form is the Common Stone-Fly (Perla bicaudata)^ well known to 
anglers as a good bait for trout. 

2. Flat-winged Neuroptera include Alder-Flies, Snake- Flies, 
Scorpion-F'lies, Ant-lions, Lace-wing Flies, and other forms, in 
all of which there are four similar wings, not capable of being 
folded, but turned back when at rest so as to lie either flat, or 
sloping like the roof of a house. The adult possesses well- 
developed mandibles, contrasting in this respect with the last 
group of Neuroptera, in which the mouth-parts are much reduced. 
There is a terrestrial or aquatic larva, which becomes a quiescent 
pupa. 

The Alder-Fly (Sialis lutaria) (fig. 228), which figures on 
the anglers list, is a brown insect with brownish wings, clumsy 
body, and long antennse. The wings in repose cover the thorax 
and abdomen in a roof-like manner. It is common on river- 
banks in Britain. The cylindrical greyish eggs are deposited in 
patches on the stems of grasses or rushes near the water, into 
which the rapacious larvae that hatch out from them find their 
way. Later on, they come out of the water and bury themselves 
in the soil, where they become pupae. 

Snake-Flies, of which there are several British species {e,g, 
Raphidia ophiopsis), are more slenderly built insects, sometimes 
found in woods. They are distinguished by the presence of a 
sort of neck, and there is an ovipositor in the female. The 
rapacious larva is found in rotten wood, where it passes into a 
pupa stage. 

Scorpion-Flies are much more abundant in this country than 
Snake-Flies, and the Common Scorpion-Fly [Panorpa communis) 
(fig. 228) may be taken as a type. The name is due to the fact 
that the abdomen in the male ends in a pair of pincers, and its 
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hinder part can be curled up over the back like a scorpion s tail. 
The wings are narrow, and when at rest are held in a horizontal 
position. The head is of characteristic shape, for it is prolonged 
into a downwardly-directed beak, which has been compared in 
appearance to the face of a horse. Though the insect is small 
(about y2 inch long), its black body, yellow legs and beak, 
and wings speckled with white and brown make it a striking 
and beautiful object. The larva is predatory and terrestrial, 
being not unlike the false caterpillar of a saw-fly in appearance, 
possessing as it does three pairs of legs proper, followed by eight 
pairs of pro-legs. Later on, it passes into a quiescent pupa stage. 

Ant-Lions are insects with slender body, four equal mem- 
branous wings, and antennse clubbed like those of butterflies. 
They do not occur in this country, but are common on the 
Continent, where they have long attracted attention from the 
peculiar habits of the larvcC in the type-genus {Alyrniclto). It 
is these to which the name ant-lion was originally apj)lied on 
account of the devastations they commit among those and other 
insects, their mode of operation being to dig pit-kills in the sand, 

at the bottom of which. they 
remain buried, with only the 
enormous mandibles project- 
ing. 

Lacewing- Flies are repre- 
sented by about fifteen native 
species, a common example 
being the Golden -eyed Fly 
{Chrysopa vulgaris) (fig. 229), 
an- extremely fragile green 
insect with four gauzy wings, 
long slender antennae, and brilliant eyes gleaming like gold. The 
eggs are attached to leaves by long stalks, and the voracious 
larvae which hatch out from them are known as “aphis lions”, 
a name fully justified by the effective manner in which they keep 
plant-lice in check. ^ 

3. Caddis-Flies (fig. 228) in the adult condition look ?!ather 
like moths, but theii^ wings are hairy instead of scaly, and their 
larvae are aquatic “ cauddis-worms ”, remarkable for the habit of 
forming protective cases from samd-grains, bits of stick, or other 
foreign matters. A caddis-worm is something like a caterpillar, 



Fig 239. -Golden-eyed Fly {Chrytopa vulgaru) 
im Adult female , 2, stalked eggs 3, 4, larva natural sue and 
enlarged . 5. 6. cocoon (natural >ue and enlarged). 
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devoid, however, of pro-legs, while at the end of its tail is a pair 
of pincers by which it can attach itself firmly to the case. The 
food is mainly of vegetable nature. After from seven to 
ten months the larva closes the opening of the tube with silk 
and passes into the pupa stage, which, after remaining quiescent 
for two or three weeks, bites its way out of the case and swims 
on its back to some plant or other object up which it can climb 
out of the water. The pupal skin then splits, and the caddis-fly 
emerges. 

4. White Ants, more correctly called Termites, since they 
have nothing whatever to do with ants pro|>er, are but too well 
known to the inhabitants of tropical countries on account of the 
havoc they work with wooden furniture and the like. They are 
social insects, living in communities organized in an extraordinarily 
complex manner, about which particulars will be given in the 
sequel. ^ In every community both winged and wingless individuals 
may be found, the former possessing four very long narrow wings 
of the kind characteristic of the order, which are held flat on the 
back when at rest. There is but a slight metamorphosis. Two 
species are found in South Europe {Calotcrmes fiavicollis and 
Termes lucifHgus\ but the most remarkable forms are natives 
of tropical Africa, and some of these {e,g, Termes bellicosus) 
construct nests of earth which may be as much as 14 feet 
high. 

Book- Lice arc minute forms of somewhat doubtful affinities, 
and most familiarly known by the wingless species giving the 
name to the group, but also including the “ death watches 
[Atropos divinatoria and others), commonly reputed by the super- 
stitious to herald death by a ticking noise, though the sound is 
more probably produced by a wood-eating beetle {Anobiunt), 
The winged species, which are the most numerous, are to be 
found feeding on lichens, fungi, and other plants. Of the four 
membranous wings, which are provided with but few nervures, 
the hind ones are much the smaller. The antennae are very long. 
There is but a slight metamorphosis. Among the British winged 
species may be mentioned Psocus fasciatus, 

5. Biting- Lice are small wingless, large -headed creatures 
which live on the skins of birds and mammals, and must care- 
fully be distinguished from ordinary lice (p. 354), in which the 
mouth-parts are adapted for piercing and sucking. The common 
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fowl is infested by no less than five species (Menopon pallidum 
and others), and the ‘‘dust baths** in which this bird indulges 
are no doubt taken with a view of getting rid of these and other 
parasites. Mammals are less troubled with attacks of the kind, 
the dog being an example of animals which are thus attended. 
Trichodectes lotus is the name of its unwelcome guest. 


Order 8.— Straight-winged Insects (Orthoptera) 

The Cockroach, of which an account has already been given, 
may be taken as a type of this order, which also includes such 
familiar forms as locusts, grasshc^^pers, earwigs, and crickets. 
The mouth-parts are adapted for biting, and it is particularly to 
be noticed that the second maxillae are not; so closely fused 
together to form a lower lip or labium as in most other insects. 
The fore-wings are modified into leathery wing-covers, and the 
large membranous hind ones are usually traversed by nervures 
radiating from the point of attachment, and are thus enabled to 
fold up in a fan-like manner when not in use. There can 
scarcely be said to be a metamorphosis, for the young insects 
when just hatched differ from the adult mainly in size and in 
the absence of wings, while there is no quiescent pqpa stage. 
It is supposed that at least 10,000 species of recent Orthoptera 
exist, including the largest known insects, but of this large 
number less than forty are native to Britain. A distinction is 
drawn between; i. Running Orthoptera, including Earwigs, Cock- 
roaches, Soothsayers, Stick- 
Insects, and Leaf- Insects; 
2. Leaping Orthoptera, em- 
bracing Grasshoppers, Lo- 
custs, and Crickets. 

I . In Rtuining Orthoptera 
all three pairs of legs are 
pretty much alike. The 
Common Earwig {Fa^Jicttla 
auricularia) (fig. 230) may be 
taken as a type of a family 
in wh'ch the wings are folded up in a remarkably complex manner 
under the short wing-covers, and the tail is provided with curved 
forceps. No satisfactory explanation has been given of the curious 



Fig >30 ’-Coaiinon Earwig attrkularfa) 

Aduh (line indicates actual size) and earlier hUges 
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popular notion that these insects are in the habit of entering the 
human ear, for this does not appear to be the case, and though 
it is true that the hind-wings are strikingly ear-shaped, they are 
so rarely seen unfolded that it may be doubted whether this has 
to do with the name “earwig”. 

Cockroaches are widely distributed insects, especially common 
in tropical regions. Only three small species appear to be indi- 
genous to Britain, for the familiar “ black beetle ” is undoubtedly 
an importation. Some of the exotic species are brightly coloured, 
while others are wingless. 

Soothsayers or Praying- Insects form a remarkable grotqj de- 
pendent upon a warm climate, and often assuming the most 
extraordinary forms, calculated in many cases to harmonize with 
the surroundings, being thus rendered inconspicuous to their 
prey, which consists of other insects. The front-legs are modified 
into ij^-i/ing-organs, and it is the curious way in which these are 
extended that has given rise to the common names, as, 
that of Praying Mantis {Mantis religiosd) applied to a French 
species, the only European one found at any great distance from 
the Mediterranean shores. A Mantis in such an attitude is, how- 
ever, merely on the look-out for insects, and not in a prophetic 
or devout frame of mind. 

Stick- and Leaf- Insects assume even more remarkable forms 
than the members of the preceding family, and mostly have a 
close resemblance to sticks, leaves, pieces of bark, and other 
parts of plants, which in this case may l3e looked upon as a 
protective arrangement, for, unlike the Soothsayers, they affect 
a vegetable diet. They are widely distributed through the 
warmer parts of the globe, and some of them may be as much 
as 9 inches long. 

2. Leaping Orthoptera, in accordance with their habit of 
springing, possess very large hind-legs. Remarkable structures 
related to hearing are usually present, and the males generally 
possess musical organs as well. Three families are recognized — 
Locusts and (irasshoppers, Green Grasshoppers, and Crickets. 

Locusts and (irasshopfei's are distinguished by the shortness 
of their antenn.ne and the presence oi auditory organs in the first 
segment of the abdomen. The familiar little grasshoppers of 
British fields represent a number of species of varying size, some of 
the larger belonging to the generti Stenobot/irus and Gompkocerus. 
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while the very smallest are included in the genus Tettix, The 
characteristic chirping is produced by rubbing the inner side of the 
hind-legs against the outer surface of the front wings, the former 
being provided with a ridge made up of small peg-like projec- 
tions. The sounds audible to human ears are produced only by 
the male. 

What are popularly known as locusts ” are simply species 
of grasshopper, which from time to time appear in swarms 



J31 —Migratory Orasshopper— ** Locust (a< ndtum fitregrtnum) 


which migrate from place to place and do a vast amount of 
damage. The best-known species is the European migratory 
locust, which ranges from China to the Atlantic. A large species 
(Acrtdtum peregrinum) (fig. 231), common in North Africa, is 
probably the locust mentioned in the book of Exodus. 

Green Grasshoppers are easily distinguished from the members 
of the preceding group by their extremely long and slender an- 
tennae. There are^generally auditory organs situated in the front 
legs just below the knee. Chirping organs, when present, are 
placed on the bases of the fore-wings, the left c.irrying a 
roughened edge (file) and the latter a sharp edge. In most 
species the female possesses a tong egg-laying tube or ovipositor. 
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The most conspicuous British species is the Large Green Grass- 
hopper (Locusta vziidissima) which, despite its generic name, 
is not a locust at all. Other examples are the North American 
Katydids. 

Crickets agree in many essential particulars with the members 
of the preceding group, possessing as they do long, slender an- 
tennae and similarly situated musical and vocal organs, while 
the female is usually provided with an ovipositor. There are, 
however, differences in detail; e.g. the tarsus is usually three- 
jointed instead of four-jointed, and the musical organs involve 
a larger part of the wing. There are four different kinds of 
cricket in the British area, of which by far the most familiar 
is the House-Cricket (Gryllus d(ytnesticus\ which is one of the 
Altimals most constantly associated with human dwellings, and 
is‘ hot unconnected with superstitious ideas. Habit has Ten- 
ded its chirpings agreeable to our ears, and Dickens’s ever- 
popular story, The Cricket on the Hea7'thy gives it an interest 
which few Orthoptera can boast. It is perhaps rather un- 
romantic to add that in dra- 
matic presentments of the 
tale the all-important chirp is 
imitated by using a glass- 
stoppered bottle, the stopper 
of which is twisted round so as 
to produce a creaking sound. 

This particular insect ranges 
over a large part of the Old 
. World, and also occurs in 
North America. Its distri- 
bution has probably been 
extended by human agency. 

Of the two British species of 
Field-Cricket, one {Nemobius 
sylvestris) is small in size, 
while the other {Gryllus campestris) is a good deal larger than the 
Common Cricket, and usually black in colour. The Mole- Cricket 
{Gryllotalpa vulgaris) (fig. 232) is a remarkable form, practically 
limited to the south of England with us, though common on the 
Continent It burrows underground by means of its remarkably 
modified fore-feet, and its habits will be dealt with elsewhere. 
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Order 9.— Wingless Insects (Aptcra) 

This is a group of small inconspicuous insects which are of 
great interest theoretically, as they are probably to be regarded 
as insects in their simplest form, i,e, are of “primitive” nature. 
They never possess any traces of wings, nor do they appear to 
be descendants of w’inged ancestors, as is the case with the 
numerous wingless insects placed in other groups. The segmen- 
tation of the body is more clearly marked than in other insect 
orders, and the segments are not so specialized, besides which small 
abdominal appendages are not uncommon. The horny covering 
of the body is comparatively delicate. Two sub-orders are 
recognized: — i. Tassel -Tails (Tkysanura) and 2. Springers 
{Co/lembola), 

1. Tkysanura. — The most marked feature of the sub-ordei 
consists in the presence of two or three long styles projecting' 

from the hind end of the body 
bably the commonest British species is 
the Silver- Fish {Lepisnia saccharind) 
(fig. 233), found in brown sugar ana oTd 
books. It possesses three tail-filaments, 
and its silvery lustre is due to the pre- 
sence of peculiar scales, '^hich make 
beautiful microscopic objects. Another 
species, common in the crevices of rocks 
at the sea-side, is Machilis maritima^ 
which is not unlike the preceding, but grey in colour instead of 
silvery. 

2. Collenibola. — Many, but by no means all, of these possess a 
curious springing apparatus in the form of tw'o stiff brisdes which 
can be folded under he l>ody and secured by a sort of catch 
projecting from the tl ird segment. When released the animal 
is thrown into the air much like the “jack-jumper” children 
are so fond of fabricating from the “merrythought” of a goose. 
They are common under bark, dead leaves, stones, '&c., and 
one species {Podura aqnatica) may often be seen floating 
on the surface of stagnant pools. Some kinds are abundant 
in Alpine regions, on the surface of snow or ice, and among 
these may be mentioned the Glacier- “ PTea ” {Desoria glacialis) 
(fig. 233). The Collembola are not all provided with a springing 


ri* *33 —Aptera masnified) , 

I, Silver*- Fish [Le^tsma uicchartna)', 
3, Glacier- ‘.'fJea" iDttarta glacths) 
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apparatus, and of these special interest attaches to Anurida mart- 
tima, remarkable for its habit of floating on the surface of rock- 
pools along certain parts of the coast As remarked elsewhere, 
insects as a rule are very intolerant of salt water. 


Class 2.— SPIDER-LIKE ANIMALS (Arachnida) 

This class is constituted by Scorpions, Spiders, Mites, and 
other allied forms, though the aflinities of some of these is more 
than doubtful. The majority of species live upon animal matter, 
and many of them pursue living prey. Arachnids are popularly 
confused with insects, from which, however, they differ in many 



Fig *34 —Scorpion, seen from above (a) and below ( b ) i, Chebcerse, a, pedipaipc. 3-6, walking legs. 


important particulars. These differences, as well as the points 
of agreement, will be best understood by briefly describing a 
Scorpion as a type (fig. 234). Spiders are more familiar to us 
in this country, but as they are much sf)ecialized it will be better 
to take them later. In dealing with the Scorpion, comparison 
may well be made with the account of a typical insect given 
on pp. 343-350. 

The obviously segmented body is protected by a firm horny 
coating, which is very thick and hard in some places, while in 
others it is comparatively soft and flexible, so as to permit of a 
certain amount of movement The body is not divided, as in 

VOL 1 . 26 
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an insect, into well-defined head, thorax, and abdomen, for the 
parts commonly considered as equivalent to the first two of these 
are fused together into one mass known as the cephalo^thormx^ 
which consists of at least six segments, for it bears six pairs of 
appendages. The remainder of the body is made up of twelve 
rings or segments, the last five forming a narrow tail which is 
carried bent up over the body, and bears at its tip a pear-shaped 
spine on the sharp end of which open two poison-glands. Here 
we have an example of a true “sting’*, like that of a bee or 
wasp, as contrasted with the biting arrangements found in 
serpents, bugs, and gnats. 

The appendages of a Scorpion differ strikingly from those of 
an insect. Instead of antennae, three pairs of jaws, and three 
pairs of walking-legs, we find two pairs of grasping organs and 
four pairs of walking - legs, while feelers or antennae are not 
present as such. The first pair of these appendages are short, 
strong, forwardly -directed nifypers (chelicerae), and they are 
followed by a very large second pair (pedipalps), which end in 
strong pincers much like those of a lobster and used for* seizing 
prey. The bases of these appendages are adapted for biting. 
The possession of eight walking ‘legs is as characteristic of an 
Arachnid as that of six is of an insect, and this affords the 
simplest means of distinguishing the members of the^ two classes. 

The two segments which immediately succeed the cephalo- 
thorax also bear structures which are interpreted as appendages, 
the first being fused into a small plate (operculum) notched 
behind, while the others are comb-shaped organs (pectines)^ which 
probably have a tactile function. 

An ordinary insect breathes by means of air-tubes which 
open to the exterior by a series of pores on each side of the 
bixly, but the respiratory organs of a Scorpion consist of four 
pairs of “lung -books” which open by a corresponding number 
of oblique slits placed on the under side of the segments following 
the one upon which the comb-shaped organs are borne. Each 
of these breathing organs consists of a cavity into whidi a large 
number of thin plates project, these being packed together in 
a way which suggests the leaves of a book, hence the name 
lung-“book”. An insect, again, typically possesses R pair of 
large compound eyes, and simple eyes may be present in addition. 
Here the eyes are all simplo and are arranged on the upper side 
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of the cephalo-thorax, two of them being close together near the 
middle line, while the remainder form a couple of groups, one 
on each side, near the front end of the body. Each of these 
groups contains from two to five separate eyes. The develop- 
ment takes place without metamorphosis. 

The class is divided into the following orders: — 

1. Scorpions (ScorpioniD/E). 

2. False Spiders (SoLPU(;il)/E). 

3. False Scorpions (PsEUDOsroRpiONiD/E). 

4. Whip-Scorpions (PEOiPAr.Pi). 

5. Harvestmen (Phalanc^id.l). 

6 . Spiders (ARANEiDAi). 

7. Mites (Acarina). 

To these are usually added two small groups of doubtful 
affinities, i.e . — 

8. Tongue-Worms (LinguatumD/E). 

9. Bear- Animalcules (Taruigkada). 


Order i. — Scorpions (Scorpionid^e) 

Scorpions, all of which conform to the description already 
given, arc widely distributed throughout the warmer parts of 
the globe. Two common South PLuropean species are the little 
House-Scorpion (Emcorpius E2irop(Pus\ which ranges as far as 
the Tyrol and Carpathians; and the much larger Field- Scorpion 
{Buikus Europmis), common in the Mediterranean countries. 
The largest and most poisonous forms are the black Rock- 
Scorpions of Africa and India, which may be as^much as 9 inches 
in length. These belong to the type-genus Scorpio. 


Order 2.— -False Spiders (Solpugidae) 

The order of False Spiders includes a small number of 
species having a wide distribution, and mostly limited to warm 
countries. A well-known type is the Common False -Spider 
{Galeodes araneoides) (fig. 235), found in South Russia, Persia, 
Arabia, and Egypt, and much feared on account of its poisonous 
bite. The Kalmucks, Kirghiz, and other nomad tribes avoid 
regions where it abounds, for its attacks are not limited to human 
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beings, but extend also to domestic animals, such as sheep, and 
camels. This creature resembles a large spider in appearance: 
its body is about 2 inches long and its legs long and hairy. 
There are great differences of structure and proportion as com- 
pared with a Scorpion. The body is unique among Arachnids 
in being distinctly divided into luad, i/iorax, and abdomen, much 
as in an insect, and the last region is composed of ten segments 
and cylindrical in shape, there being no sting-provided tail. A 

further resemblance to insects is 
found in the breathing organs, 
which consist of air-iubcs, opening 
to the exterior by three pairs of 
stigmata situated on the under 
surface, the first at the bases of 
the second legs, and the others on 
F** tlie abdomen. As in a Scorpion, 

the first appendages are nippers, 
here of very large size, and constituting the chief offensive 
weapons, since poison glands open upon them. The pedipalps, 
however, are not, as in a Scorpion, stout and pi ncer- bearing, 
but slender leg-shaped structures having a forward direction and 
acting as tactile organs. The first pair of legs closely resemble 
the pedipalps in appearance and function, and it may be noted 
that these four similar appendages are provided at their bases 
with cutting projections, situated at the sides of the mouth and 
serving as jaws. The remaining legs are attached to the thorax, 
as in an insect, the resemblance being emphasized by the fact 
that each ends in a claw-bearing tarsus. There is nothing to 
correspond to either the operculum or the combs of a Scorpion, 
and only two simpU eyes are present, placed on the front of the 
head close to the middle line. 

Order 3. — Fai^e Scorpions (Pseudoscorpionidae) 

False Scorpions are minute widely -distributed animals not 
unlike Scorpions in appearance, the resemblance being due to 
similarity in the appearance and structure of the chelicerae, pedi- 
palps, and walking-legs. There are, however, no poison-glands, 
and the broad flat abdomen does not narrow into a tail. Breathing 
is effected by means of air-tubes, which open on the under side 
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of the abdomen by two pairs of stigmata. Spinning glands open 
on the thelicerae, and the simple eyes, two or four in number, are 
situated on either side of the front of the head. 

A common European species is the little Hook - Scorpion 
(Chelifer cancroides) (fig. 236), often found in old books and 
similar dark places. 

Order 4.— Whip-Scorpions (Pedipalpi) 

The Whip -Scorpions make up a small 
but widely-distributed order, the members of 
which are fairly large in size. They are 
found in the warmer parts of both hemi- F.g.a,6 -Book scorpion 
spheres, and considerable interest attaches to 
them, owing to the fact that they are in some 
respects intermediate between Scorpions and Spiders, on which 
account they are sometimes called Scorpion -Spiders. A typical 
Whip-ScorpIcHi {Thelyphonus) looks not unlike a real Scorpion, 
the pedipalps being large and provided with pincers, and the 
abdomen narrowed into a sort of tail, reduced, however, to a 
mere filament The breath- 
ing organs are lung-books 
(two pairs), and the eyes are 
arranged in a central and 
two lateral groups. Among 
the important differences 
from Scorpions may be 
noted — cheliceree provided 
with claws, not nippers, 
modification of the first 
pair of legs into tactile 
organs, and distinct mark- 
ing off of the abdomen. 

Some of the other cfenera rig. aay.-A wbip-scorpion /..Front of 

® cephalo-ihorax, enlarged to bHow eyes. 

(as Phrynus) (fig. 237) ap- 
proximate more closely to the Spiders, for the pedipalps possess 
claws instead of pincers, and the abdomen is joined to the rest, 
of the body by a narrow waist The tail filament is only repre- 
sented by a button- like knob. 
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Order 5 .— HARVESTMEN (Phalangidae) 

Harvestmen constitute a large and almost universally-distri- 
buted order, represented in this country by some two dozen 
species. They are common in our fields and are generally mis- 
taken for spiders, from which, however, the native species can 
at once be distinguished by the great length and slenderness of 

the four pairs of legs, 
and the fact that the 
small oval body is not 
marked off distinctly 
into regions. The 
chelicer^e are provided 
with relatively large 
pincers, but the pedi- 
palps are usually short 
and leg - like. The 
breathing organs are air- tulles which open by a pair of stigmata 
on a forward prolongation of the abdomen, just behind the bases 
of the first legs. A pair of simple eyes is borne on the upper 
surface of the cephalo- thorax. Phalangium opilio is one of the 
commonest native species (fig. 238). 



Order 6 . — SriDLRS (Araneida:) 

Spiders make up a very large and widely-distributed order, 
of which there are several thousand known species. A well- 
known British form is the large Garden-Spider (Epcira diadema) 
(fig. 239), which constructs large regular webs resembling a 
wheel in shape. The ground-colour varies from yellowish to 
dark brown, diversified by darker markings, and usually pre- 
senting a conspicuous white mark on the upper side of the 
abdomen, whence the German name of “cross-spider” {Kreuz- 
spinner), and the French name “cross-carrier” {porte croix). 
As in a scorpion, the head and thorax are closely fused together, 
but the large egg-shaped abdomen is connected by a narrow 
wasp-waist to the rest of the body, and the segments of which 
it is made up are so intimately united together that the boundaries 
between them cannot be made out. 

The first pair of appendages {ckelicera) are two-jointed, and 
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of very characteristic construction, for the sharp curved end- 
joint, at the tip of which a pair of poison-glands open, can be 
folded down on the basal joint, much as the blade of a pocket- 
knife folds down on the handle. In this way an efficient grasping 
and holding organ is formed. The pedipalps are slender forwardly- 
directed structures, looking something like antennae. As in 



Fi|f -Garden-Spider \r f^irn tfintfetua) and Web a. Female spider; b, arrangement of eyes. 


Scorpion their basal joints are provided with cutting edges, which 
work against one another and act as jaws. The tips of the 
pedipalps are curiously modified in the male. The four pairs 
of kgs are strong and of considerable length. Each of them is 
provided at its tip with several toothed claws, serving as efficient 
grasping organs. 

As regards breathuig organs, the Garden-Spider combines 
the arrangements characteristic of Scorpions on the one hand 
and Insects on the other. There are two lung -books, which 
open by a pair of slits on the under-side of the abdomen, near 
its base, while farther back there is a single aperture, situated 
in the middle, and opening into a set of air-tubes. 

One of the most striking peculiarities of an ordinary spider 
is its power of spinning webs; indeed the word spider probably 
means “ spinner ”. The silk is made by a large number of 
spinning-glands situated in the^ hinder part of the body, and 
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opening upon conical “spinnerets”, of which there are six in 
the Garden-Spider, four large and two small. They will be found 
as conical projections on the under side of the abdomen near its 
tip. 

The Garden-Spider possesses eight simple eyeSy situated on 
the upper side of the cephalo-thorax, at its front end. Four of 
them are comparatively large and are placed at the corners of 
a square, on each side of which are a pair of rather smaller ones. 
As in Arachnids generally the young resemble the adult when 
hatched, except in size. 

There are two sub-orders: i. Segmented Spiders,* and 2. 
Unsegmented Spiders. 

1. Segmented Spiders are represented by certain large East 
Indian species, characterized by well-marked segmentation of 
the abdomen and the possession of two pairs of lung-books, 
agreeing in these respects with the whip-scorpions. A further 
peculiarity is the presence of eight spinnerets, grouped together 
on the under-side of the abdomen, and placed much farther for- 
wards than in an ordinary spider. 

2. Unsegmented Spiders include all the common forms, of 
which Epeira has been taken as a type. The sub-order is again 
divided into two groups according to the number of lung-books 
present, i,e, into Four-lunged Spiders and Two-lunged Spiders. 

Four ‘lunged Spiders include the largest members of the 
order, which excavate burrows in the ground and line them with 
silk, but do. not construct snaring-webs. Some of these prey 
upon small birds, eg, the Bird-eating Spider {Afyga/e avicu^aria), 
SL ^gantic South American form often seen in collections. Here 
also are included the Trap^door Spiders {Cteniza and Nemesid) 
of South Europe and elsewhere, which make hinged lids to their 
burrows. There is only one British species (Atypus Sulzeri)^ 
which burrows in damp earth. , 

TwO‘lunged Spiders, of which Epeira diadema is a typical 
example, embrace the large majority of species, and all the British 
forms except Atypus. Only some of the kinds construct snaring- 
webs, and among these may be mentioned, in addition to the 
Garden-Spider, the common House-Spiders (^Tegenaria domestica 
and T. civilis), and the Hedge-Spider {Agalena labyrinthicd), 
which constructs strong horizontal webs on bushes, hedges, &c. 
A very interesting aquatic form is the Water-Spider {Argyroneta 
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aqtiaticd), which constructs a thimble -shaped nest under water, 
attaching it to surrounding objects by mooring-strands which also 
serve to snare prey. The nest is filled with air, which the spider 
brings down in the form of bubbles adhering to its hairy abdomen. 

Kxamples of common British spiders which do not construct 
webs are the Wolf-Spiders (Lycosidce), and the handsomely- 
striped Harlequin-Spider (Saliicus scenicus), distinguished by its 
leai)ing powers. 

Order 7. — Mites (Acarina) 

Mites, as their name indicates, are minute forms, and they 
embrace an exceedingly large number of species, some of which 
are found almost everywhere. A typical example is the Cheese- 
Mite {Tyroglyphus siro) (fig. 240). The abdomen 
is unsegmented and closely fused with the ^ 
cephalo-thorax, the entire body being oval in 
shape. The small chelicerae are provided with 
pincers, and the pedipalps are short and slender. 

The usual four pairs of walking- 
legs are present, two directed for- 
wards and two backwards. Re- 
spiratory organs are absent An- Fig a4o-cheete.Miic 

I 11 1 • • 1 {Tyrpgljr/Ans giro),%ittn frtMx 

Other well-known species is the below Enlarged rony times 
Red-Spider ” or “ Money-Spin- 
ner ”, which lives on the juices of leaves and spins a 
protective web. One of the chief features in which 
it differs from the Cheese- Mite is in the possession 
of breathing organs, which are in the form of air- 
tubes. Other examples of the group are Ticks, 
Mange-Mites, and similar pests, which will be dealt 
with in another section. 

Order 8. — TONGUE-WORMS (Linguatulidae) 

tirntoiifes 

Tongue -Worms are worm -like forms which in 
the adult condition are found as parasites in the nasal cavities 
of Dog and Wolf. The only appendages are two pairs of hook- 
like structures in the neighbourhe^ of the mouth. Pentastonium 
lanioides is the type (fig. 241). 





394 


CHARACTERS OF INVERTEBRATE ANIMALS 


Order 9 .— Bear- ANIMALCULES (Tardigrada) 

Bear-Animalcules are minute creatures found in damp moss, 
or sometimes in salt or fresh water. The shape of the body 
ludicrously suggests an unlicked bear-cub (fig. 242). There are 
four pairs of stump- like legs, each pro- 
vided with a pair of claws at its tip. The 
only representatives of jaws are to be 
found in a pair of sharp stylets which can 
be protruded from the mouth. 


Olivary 

OLANO 



Fif 741 —A Bear.Anlmalcule {Afa- 
crvAto/tu), much cnlar:sed and seen 
from above, i-iv. walking legs 


Class 3.— CENTIPEDES and MILLI- 
PEDES (Mykiapoda) 

Centipedes and Millipedes, which make 
up the third class of Jointed -limbed Inver- 
tebrates, are of simpler structure than the 
average members of the preceding classes, 
Insectaand Arachnida, contrasting strongly 
with them in regard to the legs, oT which 
numerous similar pairs are present, though by no means so many 
as the names centipede " and “ millipede ” would seem to imply. 
A common British centipede, the Thirty-Foot {Litkobius forjicaius) 
(fig. 243), may be taken as a type. This is a small xhestnut- 

coloured creature which lurks 
under stones or among loose 
earth, and glides rapidly away 
when disturbed. The body 
is flattened from above down- , 
wards, and is made up of a 
head and trunk, the latter con- 
sisting of sixteen segments, 
of which the first is extremeJy 
narrow, while each of the 
remainder bears a pair of 
The last two legs are much 
The narrow 



*43. British CcnUpciles: x, [Ctopktlut longtcormu), 
a, 3, die Thirty-Foot (Liikointt /erfiemina), 3 w under side of 
hiced enlarged 


jointed legs ending in pointed claws, 
larger than the others, and turn sharply backwards, 
first segment of the trunk is provided with a pair of modified 
limbs, the bases of which are fused together, while each of* them 
ends in a strong curved claw, near the end of which a poison 
gland opens. 
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The most obvious appendages of the head (fig. 244) are two 
long-jointed antenna;, while the remainder consist of three pairs 
of jaws guarding the opening of the mouth, and overlapped by the 
poison-claws. There is also a plate-like upper lip. The jaws, 
which are comparable in some respects to those of a cockroach 
(see p. 345), consist of a pair of hard-biting mandibles^ followed 
by delicate flattened 
\st maxillcs, and these 
again by leg-like 2nd 
7 naxilla:. 

As in an insect, the 
breathing organs are 
air - ttibes ramifying 
throughout the body, 
opening to the exterior 
on the sides by small 
holes (stigmata), of 
which the 3rd, 5th, 8th, 
loth, 1 2th, and 14th 
leg - bearing segments 
each bears a pair. A 
group of simple eyes is 
to be seen on each side 
of the top of the head. 

It will be seen from 
the above description 
that a* Myriapod is de- 
„ cidedly simpler in struc- 
ture than an Insect or 
average Arachnid, only the front part being clearly marked off as 
a head, while there is no distinction between thorax and abdomen, 
though the first segment of the trunk is specialized The presence 
of numerous pairs of legs, extending right to the posterior end of 
the body, is also characteristic, there being no restriction of walk- 
ing-legs to the front part of the trunk, as in a scorpion or cock- 
roach, where there are no legs on the abdominal region. As in 
many other cases of animals with unspecialized trunk, there is 
considerable variation within the limits of the class as to the 
number of segments, and another noteworthy point is the similarity 
these segments exhibit among one another. 




Fig 244 —Structure of Centipede 

1, Mandibles, a, first maxillae; 3, secood maxilUe, 4, first limbs of 
trunk, with poison claws 
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Myriapods are divided into the following five orders : — 

1. Millipedes (Chiloonatiia or Diploioda) 

2. Centipedes (Syngnatiia or Chilopoda). 

3. Spider-legged Myriapods (SCIIIZOTAKSIA). 

4. Insect-like Myriapods (Symphyla). 

5. Larva-like Myriapods (Pauropoda). 



Order i. — M illipedes (Chilognatha or Diplopoda) 

Millipedes (fig. 245) are vegetarian Myriapods, devoid of 
poison-claws, and with cylindrical bodies. The legs are com- 
paratively weak, and throughout the greater part of the trunk two 

pairs of them are borne by 
each segment, their bases 
being close together instead 
of wide a[)art, as in a Centi- 
pede. The antenme are 
short and club-sh«i[x;d, while 
each of them is made up of 
seven somewhat Ix^ll-shajxjd 
joints. The mouth is pro- 
vided with a plate -shaped 
upper lip, strong mandibles, 
and two pairs of maxilLe 
fused together into a broad 
plate. Ther? are two pairs of stigmata on each trunk-segment, 
and also two small pores {^foramina r€pugnatoria\ which are the 
openings of defensive stink-glands. The eyes resemble those of 
a Centipede in structure and jxisition. 

Millipedes differ very much in length. A common British 
species of average length is the Earth Snake-Milli[)ede {lulus 
lerrestris), a sluggish creature about an inch in length, commonly 
found under loose bark, &c., and with the habit of curling itself up 
when alarmed. The Pill- Millipedes are short forms w^hich roll 
themselves into compact balls under similar circumstances. The 
genus Glomeris is represented by British s[X'cic‘s. 


Fig 345 -British Millipedes 

I, Loodoo Snake Millipede i/«/w Londmensts) . a, 3. SpoUed 
Sn^ Millipede lulus guttatus], natural and enlarged, 4, 5. 
Laith Snake.Miliipede t€rrrstm)wA antennx of ume, both 

enlarged 6 , 7, Flattened Millipede {f’^fljn/ssmut tow/lamaims , 
natural »ue and enlarged 


Order 2 . — Centipedes (Syngnatha or Chilopoda) 

Centipedes conform in the main to the description already 
given of the common British form , {Lit hob? us). The large Centi- 
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pedes of tropical countries, feared on account of their painful bite, 
constitute a widely-distributed family, including larger and longer 
forms, provided with twenty-one pairs of legs. Some of them 
may be as much as a foot in length. A well-known species is 
Scolopendra morsitans. Another family of Centipedes, found all 
over the world except in the coldest regions, includes slender 
elongated forms, which are devoid of eyes, and burrow under- 
ground in pursuit of earth-worms. Some of them are phosphor- 
escent (fig. 243), as, the common British species {Geophilus 
longicornis). 

Order 3 . — Spider -legged Myriapods (Schizotarsia) 

Spider - legged Myriapods include the species of a genus 
{Scuiigera) which is widely distributed through the warmer parts 
of the globe. The body is comparatively short, but antennae 
and iegs arc very much elongated. The eyes are compound, 
a unique peculiarity in the class. The breathing organs differ 
consideiably from those of ordinary Myriapods, and open to the 
exterior by a single row of stigmata placed in the middle line 
on the upper side of the trunk. They are very active creatures, 
and most of them pursue their prey in broad daylight, even 
when the sun is strong. 

Order 4~-lNSECT-LlKE MYRIAPODS (Symphyla) 

Insect-like Myriapods include but one genus {Scolopendrelld), 
of very small size, and represented by a number widely-distri- 
buted species, of which two are British. The adjective “insect- 
like” is used on account of the very strong resemblance which 
exists to the primitive insects of the order Thysanura (p. 384), 
and some zoologists go so far as to state that we should look 
upon these forms as coming very near to the ancestnd stock 
from which insects have been derived. There is at any rate 
a close relationship. 

Order 5.— Larva-hke Myriapods (Pauropoda) 

The order of Larva-like Myriapods includes certain exceed- 
ingly small creatures first discovered in Britain, and thought 
at first by their discoverer (Sjr John Lubbock) to be larvae. 
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The most remarkable character is found in the antennae, 
which are branched. No breathing organs have, so far, been 
discovered. The type-genus is Paurqfius, 

Class 4.— PRIMITIVE TRACHEATES (Prototracheata) 

There are certain small groups of animals to which special 
interest attaches on account of the speculations regarding getiei 
alogy and origin of organs to which they have given rise One 
such group is the Hemichorda, already briefly described (p. 300)*,: 
another is the class now to be dealt with. It includes but a single 
genus, Peripatus, a primitive type which appears to be of great 
antiquity, and as the name of the class indicates, is supposed to 
represent the ancestral stock from which the air-breathing arthro- 
pods already described have been derived. The word “represent” 
must, however, as in such cases generally, be taken with some 
qualification, for Peripatus can only be regarded as representing 
that stock in a general sort of way, as no doubt it has to some 
extent specialized on lines of its own, acquiring peculiarities which 
adapt it to a special mode of life. To those who are not professed 
zoologists it may appear that specialists make an unnecessary 
fuss about an obscure creature that may briefly be described as 
a “permanent caterpillar”; but the marvel is explainedTwhen we 
remember that this lowly animal enables us to throw light upon 
the origin and relationships of Myriapods, Arachnids, and Insects, 
the last of which, taken by themselves, include the majority of 
terrestrial species. 

Like many archaic forms, Peripatus has an extremely wide 
geographical distribution, and its included species are found in 
South Africa, the Malay Peninsula, East Australia, New Zealand, 
South America, Central America, and the West Indies. Yet 
all these widely - separated species resemble one another with 
sufficient closeness to be placed in the same genus. 

Peripatus was first described (in 1826) as a Mollusc, later as 
a Myriapod and as an Annelid (segmented worm). The late 
Professor Moseley, in 1874, proved it to be an Arthropod, and our 
detailed knowledge of its structure and development is mainly due 
to the investigations of the late Professor F. Maitland Balfqur and 
Mr. Adam Sedgwick. It is now a widely-accepted view that 
Arthropods have been derived from Annelids, and the special 
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interest attached to Peripatus centres in the fact that it, to use 
the words of Sedgwick, “stands absolutely alone as a kind of 
half-way animal between the Arthropoda and Annelida”. 

Peripatus (fig. 246) is a small cylindrical animal, found among 
rotting wood or the like, and comparable in appearance either 
to. a well-nourished caterpillar or a segmented worm. The 
velvety skin is beautifully coloured, the tint varying according 
to the species. The front part of the body, called 
by courtesy the hmd, is not sharply marked off from 
the trunky and this again is not clearly segmented, 
though its segmentation is indicated by the fact that 
it bears numerous pqirs of stumpy legSy the exact 
number depending upon the species. These legs are 
hollow, conical projections (much like the appen- 
dages of some Annelids), and only exhibit in an 
imperfect way the jointing that characterizes Arthro- 
pods generally. Each of them is pro\i(led with a 
couple of sharp claw*s at its tip. Upon the under side 
of the head there is a swollen circular lip surrounding 
a depression within w’hich the 7 noutk opens. On each 
side of the head, outside this lip, i‘‘ a short cylin- 
drical projection known as oral papilhxy and equiva- 
lent to a pair of modified limbs. Upon the tip of 
each of these is the opening of a large slime -gland y 
which secretes a sticky substance that can be forcibly 
ejected either as a defensive measure or else (in the 
New Zealand species at any rate) as a means oE 
capturing prey. Within the circular lip are a pair 
of muscular jawSy each armed with two claw-like pro- 
jections used for chewing the food. These jaws, again, are to 
be looked on as modified limbs, and the presence of such limb- 
jaws is an Arthropod chairacter, though the limitation to a single 
pair is a peculiarity of Peripatus. A pair of cylindrical imper- 
fectly-ringed antenna project from the front of the head, and near 
the base of each of them there is a simple eye. 

Only a few of the more important details regarding the in- 
ternal structure (fig. 247) can b*' mentioned here, and these 
may be conveniently grouped into: i. Arthropod characters, and 
a. Annelid characters. 

I. Arthropod characters. — The organs of circulation con- 
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form in the main to the type which has been described for the 
Cockroach (p. 348). The heart is a slender tube placed close 
to the upper surface of the body and suspended in a blood- 
containing pericardial space, from which blood passes into it 
through numerous pairs of valvular apertures. The rest of the 



Fig a47 ^Structure of Penpaun 

A Digestive organs (from below) B Iscrvous system and 
c tory organs (frota above), i.a PosiUoa of mtcstuial aperture 
(oil a«.r Bide). 


blood -system consists of 
larger and smaller s|jhces 
which, together with the 
heart and pericardial cavity^ 
make up a circulatory ar- 
rangement of yrhich the 
parts communicate with one 
another. 

This appears to be a 
suitable place in which to 
speak more fully of the 
nature of the Arthropod 
heart, which is essentially a 
Wood-tube within a blood- 
space with which it com- 
municates by paired aper- 
tures. In a Vertelirate 
(p. 40) or a Mollusc^p. 308) 
the heart possesses one or 
more auricles^ into which 
blood is poured by veins, 
and the pericardial space 


surrounding it does not 


contain blood at all. Professor Ray Lankester explains the 


arthropod condition by that the heart was originally 

a tube receiving blood ' ; several pairs of lateral vessels which 
later on dilated into auricles where they joined the central tube. 
The fusion of these auiicles into a large space round the heart 
would give the state of things now existing. The pericardial 
space of, say, Peripatus is therefore to be regard^ if the 
theory be well founded, as equivalent to a big auricle surround- 
ing the heart; the physiological problem solved in this case 
being the evolution of an arrangement for storing blood about to 
enter the heart 


Peripatus further agrees with typkal air-breathing Arthropods 
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in the character of its breathing organs, which are air -tubes. 
These are, however of very simple character, and open by very 
numerous stigmata scattered over the surface of the body and 
even present on the legs. The arrangement is not entirely 
irregular, for some of these apertures are placed in a double 
longitudinal row on the upper surface, while others are similarly 
dis{k)sed on the under surface. We have, on the whole, what 
may be considered a primitive or undifferentiated condition of 
these organs, from which it is easy to imagine the derivation of 
the more complex arrangements found in Myriapods, Arachnids, 
and Insects. 

2. Annelid characters , — These will naturally be better appre- 
ciated after the Annelids have been considered, and will only 
be briefly enumerated. 

The body-wall, like that of an ordinary segmented worm, 
consists of ‘oE* thin skin covered by a delicate cuticle, and under- 
lain by a muscular coat, consisting of an external layer of trans- 
versely-running fibres and an internal layer of fibres having 
a longitudinal direction. In regard to minute structure, the 
muscle-fibres differ from those of Arthropods in being devoid of 
.transverse striations. 

The mouth of Peripatus leads into a muscular pharynx, like 
that of many Annelids, but quite unlike what is to be found in 
Arthropods. A much more striking feature is to be found in the 
excretory organs. These consist of a series of tubes known as 
nephridia, one of which opens at the base of almost every leg, 
on its under surface. Such segmentally-arranged renal organs 
.are extremely characteristic of segmented worms. 

The central nervous system consists of a double brain- or 
cerebral-ganglion above the pharynx, and two ventral cords con- 
nected with these. A remarkable character is seen in the fact 
that these cords are widely separated except at the extreme 
posterior end of the body, where they unite together above the 
gut. Very numerous slender transverse nerves connect these 
two cords much as the rungs of a ladder connect its sides, 
though the “ rungs *’ of the nervous system differ in being much 
more narrow and numerous. The nerve cords are dilated at 
regular intervals into ill-marked ganglia. This nervous system 
agrees with that of various Annelids, and is also much like that 
characteristic of the Proto- Molluscs. 
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Lastly, it may be noted that the eyes of Peripatus agree more 
closely with those of Annelids than with those of Arthropods. 

B.— AQUATIC ARTHROPODS (Bkanchiata) 

The four Arthropod cla'^ses which have so far been reviewed, 
i.e. Insects, Arachnids, Myriapods, and Prototracheates, together 
make up the air-breathing or Tracheate division of Arthro[)oda; 
and we now come to the aquatic division, including the two classes 
of Crustaceans (Crustacea) and King-Crabs (Xiphosura). to which 
the Sea-Spiders (Pycnogonida) are doubtfully appended. 

Class 5.~CRUSTA('EANS (Crustac fa) 

This very large class, of which a typical member, the f.obster, 
has already been partly described in contrasting Vertebrates with 
higher Invertebrates (p. 302), includes animals which are for the 
most part marine, though many, of the minute forms espt'cially, 
inhabit fresh water, and some few are terrestrial. 

So great is the diversity of structure within the limits of the 
class that no single type fully illustrates it; but it may be as 
well to enlarge somewhat upon the description already given 
of the Lobster {Homarus vulgaris), taking it as a good average 
example of the higher Crustacea. To those desirous of seeing 
how a single type may be made to illustrate the whole of the 
class in question, and at the same time give a sound knowledge 
of the principles of zoology generally, a perusal of Huxley’s classic 
work, The Crayfish, is recommended. 

External Characters of the Lobster (fig. 248). — The body is 
bilaterally symmetrical, and the hinder part of it, or tail, is clearly 
divided into segments. The front part of the body is a cephalo- 
thorax, consisting of head and thorax closely fused together, 
though segments are present here too, as shown by the 
numerous paired appendages. The head is marked off from 
the thorax by .^eans of a distinct groove {cervical groove). 
The number of segments appear to be as follows head, 5; 
thorax, 8 ; tail or abdomen, 7. All the segments, and the ap- 
pendages they bear, are constructed on the same common plan 
(see p. 195), but there are many differences in detail, to serve 
various physiological ends. 
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Appetiflages, — The letter Y may be taken as a diagram of 
the type on which the appendages are constructed, the stem 
of the letter corresponding to a basal stalk by which the appen- 
dage is attached to the body, while its two forks represent 
outer and inner branches. The same thing may be expressed 
in another way, by saving that the typical limb in a higher 
Crustacean is cleft or forked. We will now see how far the 
appendages of the Lobster conform to this Y diagram, and in 
doing so it will be convenient to start with the abdomen, as 
this is the least modified region. Of the seven segments here 
present only the first six bear appendages, while the last, usually 
known as the te/son, forms the middle portion of the tail-fin. 
An average abdominal segment, say the fourth, bears two small 
forked appendages somewhat inappropriately termed swiminei'ets, 
and it will be seen from the diagram that these conform to the 

Y type. The appendages of the sixth abdominal segment are 
relatively i^i.^e. and form the side-parts of the great tail-fin. 
Each of them, however, may be compared to a Y in which the 
main stem is shortened and broadened, while the two branches 
are flattened out into oval plates. It may further be noted 
that the first two pairs of abdominal appendages in the male 
are curiously modified, while in the female the appendages 
of the first abdominal segment are either absent or very much 
reduced. 

Thoracic appendages. — The four hindermost segments of the 
thorax are stout ivalking-legs, of which the two first pairs end 
in small pincers. At first sight they deviate entirely from the 

Y type, for they are obviously not forked. This is a case 
where the facts of development are of use in throwing light on 
a problem, for we find that in a very young Lobster these 
walking-legs are forked, but their outer branches are compara- 
tively feeble and ultimately disappear altogether. There is a 
further peculiarity about the three first pairs of these legs to 
which attention must be called, but before doing so it is 
necessary to speak of the nature and position of the breathing 
organs or gills. These are delicate plume -like outgrowths of 
the body, limited to the thoracic region, and sheltered in a gill- 
cavity on either side, the outer wall of which is formed by a 
firm gill-cover that constitutes the side of the carapace or hard 
shield covering the greater part of head and thorax. When 
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this gill-cover is cut away the gills will be seen, and it can 
readily be shown that they are of three kinds, attached to 
different regions of the body. It need only be mentioned here 
that some of them are limb-gillsy so called because they are borne 
by the bases of certain limbs, among which are the three first 
pairs of legs. When one of these is carefully detached it will 
be seen that a thin plate (gill-plate) projects from its base, and 
that to that plate a feathery gill is attached. The fourth thoracic 
segment bears the most conspicuous appendages of all, the 
great pincers, which are constructed on the same lines as the 
nipper-bearing walking-legs, and like them are provided with 
gill-plates and limb-gills. 

The three first segments of the thorax bear appendages 
modified for chewing, and called foot-jaws, the name suggesting 
the idea that they were once locomotor in function but have 
acquired new duties. The last or third pair of foot-jaws are 
decidedly leg-like, but are provided with stiff bristles where they 
bite against one another. An outer branch is present,^ though 
small, and gill-plate with limb-gill will be readily recognized. 
The middle or second foot-jaws are like the preceding, but a 
good deal smaller, while the first foot-jaws are very delicate, 
with broad biting basal stalk, small outer and inner branches, 
and gill-plate devoid of gill. 

Head Appendages, — These consist of three pairs of jaws 
behind and two pairs of feelers in front. The jaws, beginning 
with the last pair, are named, as in an insect, second maxillae, 
first maxillae, and mandibles. The second maxilUe somewhat 
resemble the first foot-jaws, but gill -plate and gill are absent,- 
while the outer branch is broadened into an oval “baler*’, which 
lies in the front of the gill-chamber, and by its constant scooping 
movement brings about a forward movement of water over the 
gills. The first maxilUe are still more delicate, and are reduced 
to a two-jointed basal stem and an insignificant inner branch. 

The same parts are present in the first jaws or mandibles, 
but their proportions and texture are very different The basal 
joint of the stalk is broadened into a hard biting-piecjfe, strongly 
toothed on its inner margin, while the second joint of the stalk 
together with the inner branch make up a small three-jointed 
“palp” which probably has sensory functions. 

Owing to an upward bend of the region in front of the 
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mouth, the two pairs of feelers are directed forwards, an ad- 
vantageous position for sense organs of the kind. The second 
or smaller pair, the atUennules, conform markedly to the Y- 
diagram, and consist of a basal stalk and slender outer and 
inner branches. But it is by no means certain that we are 
justified in comparing the parts of this appendage with those 


FEELER 2 


Maxilla 2 



Fig 348 —Appendages of T obster {Homarvs tnUgarii) 

rR Bd«e of appendage (protopodite) en inner brani.h (endopodite ex outer branch exopodite), (the nghi 
hand ex in feeler a indicates excretory aperture ep gill plate (epipoditc), o, gill 


of the other ones, for it must be noted that the basal stem is 
here three- jointed instead of two-jointed as in all the other cases. 
The large feelers or antenna conform to the type, for they con- 
sist of a two-jointed stalk, to which are attached a scale-shaped 
outer branch, and an excedingly long inner branch, which can be 
swept round so as to explore a considerable area in the neighbour- 
hood of the body. 

We have in the Lobster appendages an excellent example 
of the principles enumerated on p. 195, whereby structures of 
generalized type are modified in various ways to bring about 
special ends. These principles are: i. variations in shape \ 
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compare, the antennae, great pincers, and swimmerets; 2, 
variation in relative size\ compare outer and inner branches in 
am average swimmeret and the side-pieces of the tail-fin; 3. 
variation in number', taking the Y- shape as the generalized 
type, the gill-plate is an addition in some cases, while in others 
the outer branch is much reduced or even absent; 4. fusion 
of parts: seen in the first abdominal appendages of the male. 

This is a convenient point at which to compare some of 
the anterior appendages of Lobster with those of air-breathing 
Arthropods. One view is represented by the following table : — 


Cockroach. 

Antennse 
Absent 
Mandibles 
1st Maxillae 
2nd Maxillae 
ist Legs 
2nd Legs 
3rd Legs 
Absent 


Scot/ ion. 

Absent. 
Cheliccrae 
Pedipalpi 
I St Legs 
2nd Legs 
3rd l^s 
4th I^gs 
Operculum 
Combs 


Centipede. 

Antennae 
Absent 
Mandibles 
I St Maxilla; 
2nd Maxillae 
Poison Claw 
I St Claw 
2nd Legs 
3rd Legs 


Peripatus 

Antennae 

Absent 

Jaws 

Oral Papilla 
1st Legs 
2nd Legs 
3rd Legs 
4 th Legs 
Sth U'gs 


Lobiter 

Antennules 
Antennae 
Mandibles 
I St Maxillae 
2nd Maxillae 
I St Foot-jaws 
2nd Foot jaws 
3rd Foot-jaw's 
Great Pincers 


It should be mentioned that many difficulties attend the 
comparison of segments and appendages in different giDups, for 
one can seldom be quite, certain that segments really correspond 
in different cases, and, even if they did, some appendages are 
apt to shift their position in the course of development. 

The Lobster is protected by a firm shelly exoskeleion in the 
form of a horny layer which is thin where mobility is required, 
while elsewhere it is thick and hardened by the deposit of salts 
of lime. This strong suit of armour cannot increase in size as 
the animal grows, and the exigencies of the case are met by a 
process of moulting, which takes place frequently in young 
animals and at longer intervals later on. At the commence- 
ment of the operation a transverse split appears along the back, 
where the carapace joins the tail, and through this opening the 
animal painfully ntfSikes its way out A sheltered corner is 
chosen for moulting purposes, and here the soft and defenceless 
creature remains till its new armour is properly developed and 
hardened. 

The chief external characters have now been reviewed, and 
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the remainder may be taken in connection with the various 
systems of organs which are concerned, and which will be con- 
sidered seriatim. 

Digestive Organs (fig. 249). — These consist of (i) a symmetrical 
food-tube or gut, which runs back from the oval mouth situated 
on the under side of the head to the vent placed below the telson, 
and (2) of digestive gla^tds. It will be noted that, as in Arthropods 
generally, the jaws are modified limbs, which work against one 
another from side to side and are entirely outside the mouth, 



Fig a49.--Sidc-diss€Ction of Lobster {Homarut vulgant), reduced ab 1-AB7, Abdominal segmenU. 


which is bounded by upper and lower lips. It is found convenient 
to speak of the gut as being divided into three sections — a large 
fore-gut, a very small mid-gut into which the digestive glands 
open, and a long hind -gut. The distinction between these sec- 
tions is based on the mode of development, for the first and last 
of them begin as pits which extend farther and farther inwards 
till they join the developing mid-gut, and form with it a continuous 
tube. It is not therefore surprising to find that the fore- and 
hind-guts, since they are formed by inpushing of the body -wall 
(see p. 261), are lined by a firm horny layer continuous with 
the exoskeleton, and that this layer is shed and replaced every 
time the animal moults. The fore~gut consists of a short gullet 
dilating into a very large stomach, divided into a cardiac section 
in front and a pyloric part behind. The stomach is said to be 
a “masticatory” one, for it contains a chewing apparatus or 
gastric mill, consisting of a number of hard pieces formed by 
thickening and calcification of the horny lining. These pieces 
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make up 'an elastic framework on which are borne two large 
lateral and one median toothy and by the action of appropriate 
muscles these can be brought together so as to effectually chew 
anything that happens to be between them. The cavity of the 
pyloric part of the stomach is narrowed, and numerous inter- 
lacing bristles project from its walls, constituting a very effective 
“strainer”, which prevents any but finely-divided particles from 
passing back into the short mid-gut The lining of this part 
of the food-tube is soft, and a pair of large digestive glands, 
commonly called the liver, open into it. These organs are 
physiologically equivalent to liver and pancreas of a Vertebrate 
(see pp. 37 and 38). The hmd-gut or intestine is a narrow tube 
continuous with the mid-gut, and possessing a firm lining raised 
up into longitudinal ridges. 

The Cirailatory Organs (fig. 350) conform to the Arthropod 
type already described in dealing with the Cockroach (p. 348), 
but the heart, instead of being a long slender tube, is a short 
broad sac, possessing only three pairs of valvular apertures, and 
suspended in the blood-containing pericardial cavity by means of 
fibrous cords. It is systemic (see pp, 308 and 348), i,e. contains 
purified blood, which it pumps through delicate branching arteries 
to the body at large. Sooner or later these arteries communicate 
with irregular spaces which ultimately open into a large sternal 
sinus running along the lower part of the body just within the 
body -wall. Meanwhile the blood has become impure by loss 
of much of its oxygen and receipt of carbon dioxide as a waste 
product It therefore passes to the gills for purification, and, when 
this has been effected, is carried to the pericardial cavity, whence 
it passes into the heart through the valvular openings with which 
that organ is provided. 

The Excretory Organs, by which nitrogenous waste is removed 
from the blood, consist of a pair of antennary- or green-glands, 
situated in the front part of the head and opening on the bases 
of the antennae. Each is essentially a coiled tube, possibly equi- 
valent to a nephridium (see p. 401). 

The Muscular System is complex. The largest muscles are 
to be found in tHe tail, which is the organ by means of which 
the lobster is able to swim backwards through the w^ter with 
great rapidity. Powerful flexor muscles, lying below the gut, 
bend the tail down and enable it to give its effective stroke, while 
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less powerful extensor muscles, lying above the gut, straighten it 
for another downward movement 

The Central Nefvous System (fig. 249) consists of a nerve- 
ring surrounding the gullet, and a double ventral cord upon which 
numerous pairs of ganglia are developed. The upper part of the 
nerve-loop is thickened .into a pair of brain or cerebral ganglia, 
by which the important sense organs of the head are supplied. 
The general arrangement conforms to that described in the Cock- 
roach (see p. 349). 

Organs of Sense are well developed, and many of them are 
in the form of specialized bristles or setie, the soft axes of 
which are in communication with the skin by means of vertical 
canals which perforate the hard exoskeleton. Many of these 
setae minister to the sense of touch, and this is especially true of 
those found on the antennules and antennae. Organs of taste 
are not definitely recognized, though they probably exist on some 
of the appendages of the mouth. Certain peculiar spatula-shaped 
setae present on the external branches of the antennules have to 
do with smell 

The extremely interesting auditory organs consist of two pear- 
shaped sacs, one of which is lodged in the basal joint of each 
antennule, and opens by a slit to the exterior. These sacs are 
really in-pushings of the skin, and they contain numerous special- 
ized auditory setae, and also grains of sand which have been 
introduced from the exterior. The chief interest attaching to 
these organs lies in the fact that they correspond to a stage in 
the development of more complex structures, such, eg., ais the 
membranous labyrinths of Vertebrates, which start as pits in the 
skin (see p. 56) 

The visual organs are in the form of two compound eyes 
situated on the front of the head near the antennules, and borne 
on stailks. 

Development . — The Lobster passes through a metamorphosis 
in the course of its life-history, for it hatches out as a larva, which 
differs in n^y ways from the adult 

Crustalia,. of which the Lobster has been described as a type, 
may be defined as aquatic Arthropods possessing two pairs of 
feelers (antennules and antennae), and breathing organs (when such 
are present) in the form of gills. The appendages are typically 
forked The class is subdivided in the following way:— 
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Sub-class I. — Higher Crustacea (Malacostraca). 

Order i. Stalk-eyed Crustacea (Thoracostraca). — Lobster, Cray- 
fish, Crab, Locust-Shrimp, Opossum-Shrimp, &c. 

Order 2. Sessile-eyed Crustacea (Arthrostraca). — Sand-Hop- 
pers, Wood-Lice, &c. 

Order 3. Intermediate Crustacea (Leptostraca). — Mud-Shrimps 
(Nebalia and its allies). 

Sub-class 2. — Lower Crustacea (Entomostraca). 

Order i. Barnacles (Cirripedia). — Ship-Barnacle, &c. 

Order 2. Bivalve Crustacea (Ostracoda). — Cypris, &c. 

Order 3. Fork-footed Crustacea (Copepoda). — Cyclops, Fish-Lice. 

Order 4. Leaf-footed Crustacea (Phyllopoda). — Apus, Water- 
Fleas, &c. 

Sub-class I.— -Higher Crustacea (Malacostraca) 

The following features, illustrated by the Lobster, are char- 
acteristic of the sub-class: — The body is made up of a constant 
and limited number of segments, each of which, with the exception 
of the last (or telson), bears a pair of appendages. In nearly all 
cases the segments are twenty in number, distributed as follows : — 
head, 5 ; thorax, 8 ; Abdomen, 7. The excretory organs typically 
present are antennary glands. The development is complex, 
and in most cases there is a larval form, differing markedly in 
appearance from the adult 

Order i. -STALK-EYED CRUSTACEA (Thoracostraca) 

In this order the head and thorax are fused together, and the 
eyes aro usually situated on stalks. There are four sub-orders: — 
I. Ten-legged Crustacea {Decapoda), 2, Opossum -Shrimps 
{Schizopoda\ 3. Locust-Shrimps {Stomalopoda), and 4. the 
Cumacea. 

I. The Decapoda are so named because the last five pairs of 
thoracic limbs are seven-jointed locomotor organs, in which the 
outer branches are absent in the adult 

One large section "of the sub- order is distinguished by the 
presence of a long and powerful tail, provided with a %vell- 
developed tail-fin. Among the British species here included are 
the following: — Lobster (Homarus vulgaris) (fig. 250), Rock- 




Fig 350 — McdiienmneaD Cnutacem 

1, UUter (//tfffrtfnif tw//<insj 7 Btu Cnh (Sty/Inrur arc/ui) 3 Dromia Ci*b Dnmta) 
4. Spider Cr«b (Mata tfitimatidt) 5, Locuet Shnmp tnantu) 

ill 
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Lobster {Pa/inurus vulgaris) (fig. 251), Norway Lobster {Nepkrops 
Norveguus), Prawn (Palamon serratus). Shrimp [Crangon vul- 
farts). The Crayfish (Astacus fluviatilis) is a fresh- water form. 



>54.— 4KiKJC''AiiOtet«r \F^4tmmnu vutgaru) 


Another section, including forms intermediate between the 
above and Crab, is formed by the Hermit-Crabs (fig. 252), which 

take up their abode in the empty shells of 
various sea-snails, and possess a soft un- 
symmetrical tail that has lost mos^ of its 
appendages except the last pair. These 
have lost their original function of acting 
as swimming organs, and are modified 
into hook-like structures, by which the 
hermit-crab holds on to its house. 

The last section of the Decapcds 
includes the true Crabs (fig. 250), in whiph 
the cephalo-thorax is very broad, and 4ie 
tail so much reduced as to be useless 
as a swimming organ. Among British 
species may be noted the Edible Crfiib 
{Cancer pagurus) and the Shore Crab {Carcinus moenas). 

2. The Opossum-Shrimps (Schizopoda) are small marine forms 



9% *5« —A Hermic Crab {P^mnu 
Btmlutrdm\ reaorcd from itt dvcifing 
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often found swimming in large shoals, and superficially resembling 
ordinary shrimps, though of much smaller size. They differ, how- 
ever, from these in many important particulars, among which 
may be mentioned the delicate nature of the shield covering the 
cephalo-thorax, to which at least one thoracic segment is not united. 
There are, further, eight pairs of closely similar thoracic legs, pro- 
vided both with outer and inner branches. The commonest 
British genus is My sis (fig. 253), which so closely resembles a 



stage in the development of the Lobster that this is spoken of as 
the “ Mysis stage ”. Closed auditory sacs are present in its tail. 

3. Z(?r//5/-5/m>w/.y(Stomatopoda)arc much larger (fig. 250) than 
the members of the last sub-order, and are commonest in tropical 
seas, where they may attain a length of as much as 8 inches or 
more. The ceph?lo- thorax is small, for not only does it not include 
the last three thoracic segments, but it does not have to shelter the 
gills, as these are attached to the appendages of the broad well- 
developed abdomen. The thoracic appendages are remarkable, for 
the first five pairs of them are modified into foot-jaws, of which the 
second are extremely large and modified as seizing-limbs (fig. 250). 
So strikingly do they resemble the first pair of legs of the Praying 
Mantis (see p. 381), which have a similar function, that these 
Crustacea are often known as “ Mantis-Shrimps . The last three 
pairs of thoracic appendages are leg-like, and possessed of both 
outer and inner branches. Two species are not uncommon in the 
Channel Islands {Squilla Desmaresti^^xiA Squilla mantis). Like 
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the other members of the sub-order, they are burrowing forms 
found in shallow water. 

4. The sub-order Cumacea includes small shrimp- like forms 
(fig. 255) which live in shoals, and inhabit fairly dee[) parts of the 
sea where the bottom is of sand. The cephalo- thorax is even more 



limited than in the Locust-Shnm[)s, for the last live* thoracic seg- 
ments are not united with it. Some at least of the thoracic limbs 
posses'^ outer as well as inner branches, and the two compenind 
eyes are stalkless and sometimes fused together. 

Order 2 — StSSILE-KYKD CRU.STAC'LA (ArthrostraecU 

The order includes a large number of rom])arativ(‘ly small 
Crustacea, in which, as a rule, only one thoracic segment is fused 
to the head, and there is consequently no great armour-covered 
cephalo- thorax, as in a Crab or Lobster. The head-appendages 
correspond to those of a Lobster, but the thorax possesses only 
one pair of foot-jaws, its other appendages being seven pairs of 
legs, none of which are provided with pincers. There are usually 
six pairs of limbs on the abdomen. 1'he eyes are devoid of 
stalks, i.e. are sessile 

Two sub-orders are recognized, one conUiining laterally-flattened 
animals (Amphipoda), and the other forms which are flattened from 
above downwards (Lsopoda). 

I. The most typical members of the Amphipoda (fig. 255) are 
springing forms, of which the Sand- Hopper (I'alihusjocusta) is 
a good example. During the summer months this may often be 
seen in leaping myriads between tide- marks cn sandy shores. Its 
appearance suggests a strongly-curved flattened shrimp. Very 
similar in character are the species of the genus Gammarus, 
common in shallow water, both salt and fresh. .The curious 
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Whale- Louse [Cyamus ceii) is exceptional among the members of 
the sub-order in having its body flattened from above downwards, 
and it is found parasitic on the skin of whales, to which it is 
enabled to hold fast by 
means of strongly -hooked 
legs. The abdomen is re- 
duced to a mere stump en- 
tirely devoid of appendages. 

The weird-looking Skeleton 
Shrimps {Caprella) are also 
distinguished by the presence 
of a mUch-reduced abdomen. 

They arp found climbing like 
monkeys among the branch- 
ing colonies of various zoo- 
phytes. 

2. Isopods (fig". 256) differ 
from Amphipods m being 
flattened fronv dbove down- ^ , ,, ^ 

wards, while the abdomen is tbonut, the fast ^ fused wuK the ht-d B,Whale.Louse(C/«#«tt 

- ctii) c, Skcletun Shnmp {Capreftn), 

shortened and bears plate- 
like appendages. Most of the species are marine, and of these 
Cir^aws, Idoiea, and Spharoma may be taken as typical British 



goheua Some, however, are 
fttsh water, as, the 

coiijunott native Fresh- water 
Shrifno [Aselbis aquaticus), 
distTnguished by its long 
limbs; and still others are 
terrestrial, of which the most 
familiar is the Wood-Louse 
{Oniscus murarius), com- 
monly found under damp 
stones and in similar places. 
Some of the Isopods are 



Fig. 356 — Iscpods ^enlarged) 

n-nil. Free legmenti uf thorax, the first is fuied with the 
bead, k, Ctroimna horealtt, b, Wuod-Loute [Obtscus pibrartut). 


curiously modified to fit them for a parasitic life, and these will 


be mentioned elsewhere. 
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Order 3.— INTERMEDIATE CRUSTACEA (Leptostraca) 

The Mud- Shrimps, including Nebalia (fig. 257) and allied 
genera, form a restricted but interesting group of small marine 
shrimp -like creatures found in all parts of the world. These 
forms have attracted a good deal of attention, because they are a 
connecting-link between the higher and lower Crustacea, and 

some zoologists place them in a 
separate sub -class. Like the 
higher Crustacea they are com- 
posed of a definite and limited 



Fif. 957.— Mud-Shrimp enlarged 

Left half of •hield cut away. 


number of segments, in this case, 
however, twenty -one instead of 
twenty, for the abdomen has an 
extra segment, and the excretory 
organs include antennary glands. 
They also agree with stalk -eyed 
forms as regards their visual organs. But on the other hand all 
the segments of the thorax are free, though it and part of the 
abdomen are covered by a bivalve shield which grows back from 
the head, and the eight pairs of thoracic appendages are leaf-like, 
as in some of the lower Crustacea. I'he first four segwents of the 
abdomen bear forked appendages as in certain other of the lower 
Crustacea (Copepoda),'a further agreement with which is found 
in the fact that ^e tail also is forked. In addition to antennary' 
glands they possess other excretory structures (shell -glands) re- 
sembling those of lower forms. On the whole it may be taken as 
fairly certain that the Leptostraca resemble in many points the 
ancestral^ stock from which the various groups of higher Crustacea 
have diverged. 


Sub-class 2.— Lower Crustacea (Entomostraca) 

This is an exceedingly large and greatly diversified group, 
including both ma^ne and fresh-water forms, of which jthe large 
majority are very small, and which play a very important part 
in nature as the food of higher animals. There is a very large 
amount of variation as r^ards the number of segments, and a 
similar wide range in the nature of the appendages, which are often 
flattened and leaf-like, though in other cases they may exhibit 


CRUSTACEANS 


417 


the bifurcated type which we have found to be characteristic of 
higher forms. There is no gastric mill, and it is common to find 
three functional eyes present in the adult, two compound and one 
simple. As a general rule the 
embryo hatches out as a Nau- 
plius larva (fig. 258), which typi- 
cally possesses an unsegmented 
ovoid body and three pairs of 
appendages by means of which 
it swims, these corresponding 
to the antennules, antennar, and 
mandibles of the adult. A larva 
of this kind is rarely found 
among higher Crustacea. 

The four included orders 
have alixiJy been enumerated ; 

1. e, I. Barnacles {Cirripedia)\ 

2. Bivalve Crustacea \Ostra- 
codd)\ ''3. Fork-footed Crustacea (Copepodd)\ and 4. Leaf-footed 
Crustacea (Pkyllopoda). 



Fig. 358.— A Naiiphuk larva (teen from below and greatly 
enlarged) Note unpaired eye and three paire of appendages 


Order i. — BARNACLES (Cirripedia) 

This is a remarkable group of marine Crustacea, all of which 
are either fixed or parasitic, and have undergone considerable, 
or, it may be, profound modifications resulting from their mode 
of life Leaving out of consideration the degenerate parasitic 
. forms, which will be dealt with elsewhere, there remain the widely- 
distributed group of Barnacles, of which the best known are the 
Ship- Barnacle (Lepas anatifera), and the Acorn- Barnacles (species 
of Balanas), which encrust the rocks between tide-marks on the 
coasts of Britain. 

The characters of the group will best be understood by briefly 
describing the Ship- Barnacle {Lepas anatiferd), large numbers 
of which are often found attached to floating objects which have 
been cast up on our shores, and which in old days were a serious 
nuisance to sailors, as they attached themselves to the wooden 
bottoms of ships in such vast numbers as to impede movement 

The Ship-Barnacle (fig. 259) is attached by means of a long 
soft stalk covered with corrugated *skin, and upon this is borne c 

VoL I 27 
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flattened oval swelling, covered by a number of shelly pieces, 
suggesting at first sight that the animal is a kind of Mollusc. A 
closer examination will show that these pieces are attached to 
a couple of soft flaps united together on one side, but leaving 
between them on the other side a slit through which, in a living 
specimen, a bundle of hairy-jointed filaments will from time to 
time protrude and spread out, being drawn back again immediately 
_ afterwards. These tendril -like struc- 

tures, or cirri, which act as a kind of 
H casting-net, whereby food is swept into 

^ H mouth, are six pairs of bifurcated 

appendages, and their jointed nature 
■BirV iffiin shows that we are dealing, not with a 
\ Mollusc, but with an Arthropod. To 
a strong imagination they might sug- 
TERhuM gest feathers in a vague way, and they 

Fig probably responsible for the well- 

known natural-history legend, according 
to which the Solan Goose (“ Barnacle '' Goose) develops from 
a barnacle, the chicks falling into the water when sufficiently 
grown to look after themselves. The specific name of the 
barnacle, “anatifera*’ (L. anser, a goose; /era, I ^ar), has 
reference to this old ^lief. On removing the shell, and the 
flaps to which it is attached, the soft body of the animal will 
be found, consisting mainly of thorax, to which the tendril-likc 
appendages are attached. The abdomen is reduced to a limbless 
process ending in a long filament. The under (ventral) side of 
the thorax is turned upwards, and at its front end will be found 
the mouth, provided with upper lip, mandibles, and two pairs of 
maxillae. No eyes < r feelers are visible, but study of the develop- 
i^ent shows that the •m’mal is fixed by its head, which has grown 
into a long stalk, ;a the end of which were situated the short 
antennules, that served as organs of attachment from which the 


sticky secretion of special cement glands ” was poured out. The 
antennae, present In the larva, entirely disappear in the adult. 
Huxley has graphically compared a barnacle to a man lying upon 
his back and kickitig his food into his mouth. 

Acom-Bamacles agree essentially in structure with Ae ship- 
bamacle, but do not possess a stalk, and there is an extra pro- 
tection to the body in Ac form of a sort of shelly cup made up 
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of a number of pieces fused together. The appearance of the 
body within the cup has no doubt suggested the name “acorn 
barnacle, but the resemblance is remote. 


Order 2.— BIVALVE CRUSTACEA (Ostracoda) 

These are small Crustacea common both in salt and fresh 
water, especially where the bottom is muddy. Examination of 
the mud from almost any pond will often reveal the presence of 



Fig a6o —Small Fresh water Crustacea (much enlarged to v?nou<i scales) 

A, Water Flea \Daphnia) t, antennule, a, antenna 3, mandible 5-9, flattened thoracic appendages. 
B, CyJops (seen from above^ ant i, antennule ant a, antenna. B', Swimming foot of Cyclops, 
showing the typical forked shape c. Mussel Shnmp {Cypru) ant i, antennule ANT a, antenna , 
MNO , mandible M\ i, first maxilla MX a, second maxilla 


one or more Musse/SArtmpSy species of the typical genus Cypris 
(fig. 260), which therefore furnishes a convenient type. The most 
striking feature is the presence of a bivalve shell comparable to 
the carapace of other forms and entirely enclosing the body, 
reminding one of the arrangement characteristic of bivalve 
Molluscs (p. 31 1). The resemblance is enhanced by the fact 
that the two valves of the shell can be closed by the contraction 
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of an adductor muscle and opened by the action of an elastic 
ligament. The body of the animal is extremely short, and the 
abdomen is a mere vestige. Segmentation is only indicated by 
the appendages, of which there are but seven pairs, five belonging 
to the head (two pairs of feelers and three pairs of jaws), and the 
remainder, in the form of narrow pointed legs, to the thorax. 
These legs can be protruded from the shell, and so can the well- 
developed feelers which are used as organs of locomotion, as in 
a nauplius larva. There is an unpaired eye on the front of the 
head. 


Order 3.— Fork-footed Crustacea (Copepoda) 

This order is a vast assemblage of species which are for 
the most part minute, and occur in all parts of the world both 
in salt and fresh water. Many of them are found in huge shoals 
at the surface of the open sea, forming a variety of plankton, as 
such assemblages are termed, which furnishes an important item 
in the food of whales and of many fishes, such as the herring. 
The fishes, however, do not have it all their own way with the 
Copepods, for attached to their eyes and gills may often be found 
parasitic members of the order, which are often strangely modified. 
Leaving such forms out of consideration for the present, and 
turning our attention to free-living Copepods, we may take a 
common fresh-water genus, Cyclops (fig. 260), as a type of the 
order. It can be distinguished with the naked eye as an active 
whitish creature with a jerky mode of progression. 

The body of Cyclops has not unaptly been compared in shape 
to half of a split pear, with the convex side dorsal and the stalk 
corresponding to a tail. The body is distinctly segmented, and 
the five head-segments are fused with one another ahd with the 
first thoracic segment Then follow the five free segments of 
the thorax and the four narrow segments of the tail, the last of 
which bears a tail-fork provided with two bunches of bristles. 
Upon the front of the head is a single reddish eye, which has 
suggested the generic name of Cyclops; and there are tho usual 
five pairs of head appendages, of which the first, i.e. the antennee, 
are very large and employed as oars. The thorax bears four 
large pairs of forked swimmingfeet, and the abdomen is limbless. 
The female, which is the sex commonly seen, usually has a pair 
of large egg-sacs attached at the base of the abdomen. 
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Order 4.— Leaf-footed Crustacea (Phyllopoda) 

These are Crustacea of var}inj^ size, though none are very 
lar^e, which are for the most part inhabitants of fresh \vater. 
The segments and appendages differ greatly in number in different 
cases, but those of the latter situated farther back than the head 
are characterized by their flattened leaf-like form. There are two 
sub- orders — i. Gill -footed Phyllopods (Branchiopoda). and 2. 
Water-Fleas (Cladocera). 

I. Gill-footed Phyllopods possess a special interest, since they 
not improbably present many of the characters distinguishing the 
ancestral stock from which all the different groups of Crustacea 
are descended 

A typical genus is Apus (fig. 261), species of which are 
sometimes found in great abundance at various localities on the 
Continent, especially in flooded 
meadows.* For the sub-order 
this form reaches a consider- 
able size, being as much as 
2 inches in length. It is of 
a greenish-brown colour, and 
though segmentation is not 
apparent in the head, the rest 
of the body is composed of a 
large number of obvious seg- 
ments. The most striking fea- 
ture is the presence of a broad 
thin carapace, which, arising 
from the head, extends back- 
wards so as to cover the back 
and sides of the greater part of the body. The narrow posterior 
end of the abdomen remains uncovered by the carapace, and 
terminates in a pair of long jointed filaments. The head bears 
a minute pair of antennules, vestiges of antennae, strong mandibles, 
and two pairs of maxillae. A very large number of flattened 
lobed swimming-feet are attached to the thorax and front part 
of the abdomen. They are not limited in number to one pair 
per body-segment, as is the case willi the majority of Crustacea. 
A typical sivwimuigfoot consists of a number of small pointed 
inner lobes, and two larger outer lobes, of which one is' a soft 
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pear-shaped gill. Such a limb is regarded by many as the 
generalized type from which the varied kinds of appendages 
found within the class have been derived by modifications of 
different kinds (see p. 403). This may perhaps be so, but it is 
not always easy to recognize with certainty the equivalent parts 
in different Crustacean groups. All these swimmiiig-fcet in Apus 
are by no means exactly alike; e,g, some of the inner lobes of the 
first thoracic pair are drawn out into long filaments, liable at first 
glance to be mistaken for antennules and antennai, while in the 
female the eUventh thoracic pair are partly modified into brood- 
capsules within which the eggs develop. 

The excretory organs of Apus are not, as in the higher 
Crustacea, antennary glands, but coiled tubular shell-glands which 
open to the exterior upon the second maxill«e. Three eyes are 
placed close together on the top of the head — a small unpaired 
“ nauplius eye ” in the middle line, and a pair of compound eyes. 

2. The Waier-Fleas (Cladocera) are small active Crustacea, 
mostly inhabiting fresh water. The characters of the sub-order 
are well seen in the very common form Daphnia (fig. 260). The 
thorax and shortened abdomen are enclosed in a bivalve carapace 
which grows back from the head. The usual five pairs of. 
appendages are borne by the head (except second maxillae, which 
are absent), and of these the most remarkable are thej^rge forked 
plume-like antenna which are used as swimming organs. There 
are five pairs of flattened thoracic swimming-feet, something like 
those of. Apus, but the .short abdomen is limbless. It bends 
sharply round to the under surface and ends in a pair of curved 
bristles. When Daphnia is examined alive under th^ microscope, 
an oval pulsating sac will be noticed near the dorsal surface. 
This is the heart. The coiled shell-gland is also easily seen, and 
the large compound eye is a conspicuous object. It lies in the 
front of the head, and has been formed by the fusion of two lateral 
eyes. It is constantly in a state of trembling movement. A small 
nauplius eye is present a little farther back. 

Class 6.— KING-CRABS (Xiphosura) 

This small but interesting class includes only the Kin^-Crab 
{Limulus), a large marine Arthropod living in .shallow water in 
the East Indies and the warmer parts of the West Atlantic and 
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West Pacific. There has been much discussion as to its class!- 
ficatory position, some authorities including it in the Crustacea 
and others in the Arachnida. In support of the latter view it 
has been shown that, allowing for the fact that one is a marine 
and the other a terrestrial ani- 
mal, there is a very remarkable 
agreement between King-Crab 
and Scorpion. As, however, the 
matter is by no means settled, 
it appears better for the present 
to assign Limulus a class of its 
own. 

The body of a King-Crab 
(fig. 262) is divided into two re- 
gions, a cephalo-thorax covered 
above by a large horse-sh^e- 
shapeU' shield, and a similarly 
protected abdomen to which a 
long movable spine is attached 

behind. A pair of simpU eyes ,, r,.™ bd». .. ch.iic,» : ^ tp. 

are situated on the too of the ThemgutiikiMim.M.dMkiy-iiaded.htbeiweCTih. 

^ ^ base* of the legs 

front shield towards the anterior 

end, and farther back there are a pair of large compound eyes, 
placed at a greater distance from each other. 

Upon the under side the appendages can be seen, the first 
of which art the small chelicera, provided with pincers and 
situated in front of the mouth. Then follow five pairs of legs 
apparently equivalent to the pedipalps and legs of the Scorpion. 
The first of them are provided with pincers in the female, and 
the next three pairs are similarly provided in both sexes. The 
ends of the last pair are curiously modified so as to fit them for 
digging. The bases of these leg-like appendages are provided 
with biting projections, which between them almost surround the 
elongated ‘mouth. The remaining appendages are six plates, 
obviously formed by the fusion of pairs of appendages and borne 
by the abdomen. The first of them is equivalent apparently to 
the operculum of Scorpion (p. 386), and the second to the combs 
of that animal. All but the first bear numerous gill-folds. 
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Clas-s 7.— SEA-SPIDERS (Pycnoconioa) 


These are widely distributed marine Arthropods, 'mostly of 
small si/'c. Some zoologists associate them with Arachnid.., but 



Fig Shore Pycnogon {PycHogaanm bttoralt^ 

A, From above , u, from below, ab Abdomen . 
ov. egg bearing apjiendages. pr «nout 


their real afhnities are as yet un- 
determined. Taking such a typical 
form as the Shore Pycnogon {Pycno- 
gonuni littorale\ we see (fig. 263) 
that the spider -like appearance is 
due to the presence of four slender 
pairs of thoracic limbs, in front of 
which are three pairs of smaller 


appendages, of which the first bear pincers and the last are used 
by the males for carrying the eggs about The mouth is situated 
on the end of an elongated snout, and there are four simple eyes. 



CHAPTER IX 


STRUCTFRK AND CLASSIFICATION OF SEGMENTED 
WORMS, SIPHON-WORMS, WHEEL- ANIMALCULES. 
MOSS-POLYPES, AND LAMP-SHELLS 


SEGMENTED WORMS (Annelida) 

This phylum is a vast assemblage of marine, fresh-water, and 
terrestrial worms and leeches, which agree with one another in 
the possession of a bilaterally symmetrical body divided into 
numerous similar segments, and in the absence of jointed appen- 
dages likr, those of the Arthropoda. The body-wall consists 
of skin with underlying layers of muscle; there is a muscular 
pharynx ; and the excretory organs are in the form of numerous 
pairs of convoluted tubes (nephridia), each of which, in typical 
fcases, opens on the one hand to the exterior, and on the other 
into a body-cavity of the same nature as that found in Verte- 
brates (see p. 42). The phylum is divided into two classes: 
I. Bristle- Worms (Chaetopoda), and 2. Leeches (Discophora). 


Class L— BRISTLE-WORMS (CuALToroDA) 

A good typical example of this group is the so-called 
Centipede (fig. 264), a name popularly applied to several species 
of the genus Nereis which are found upon our coasts. The 
body is bilaterally symmetrical and obviously divided into a large 
number of segmentsy all very similar to one another except those 
at the extreme ends. There are clearly none of the jointed lateral 
appendages which are so characteristic of Arthropods, their place 
being taken by hollow “foot-stumps” (parapodia), of which each 
segment bears a pair. The nearest approach to such foot-stumps 
among the Arthropoda are the legs of Peripatus (p. 399). Ex- 
amination by means of a lens will show that each Joot-stump is 
<Iivided into an upper lobe and a lower lobe near each of which 
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is a short feeler or cirrus. Imbedded in each lobe is a bundle of 


bristles or seta, of which one is much larger and stronger than 
the rest, though it only just projects from the surface of the body. 



Fif Seft-Cenu* 

pade (iVIrrm). diafreni 


These setae are of great use in locomotion, acting 
as holdfasts by means of which the body gets a 
purchase on sand or the like. They exhibit all 
sorts of variations in shape. The head^ upon the 
under side of which is the mouth, consists of a 
mouth-segment, and a projection in front of the 
mouth which may conveniently be called the head- 
lobe. From the upper side of this lobe, near the 
front, spring two short tentacles, and there are 
two much larger “ palps ** which arise from the 
under side of the same region rather farther back. 
Not only do these last-named structures act as 
sensory organs, but they also serve as lips to some 


extent Upon the upper side of the head-lobe are 
four simple eyes^ looking like black specks. The mouth-segment 


is provided with four pairs of slender feelers, which are apparently 
of the same nature as the cirri of the trunk-segments. None 
of the appendages are converted into jaws, a feature which ij^ 
so characteristic of Arthropods, though it may be remembered 


that in the member of that group which comes nearest to the 
Annelida, i,e. Peripatus, there is only one pair of these structures 
(see pk 399). Turning now to the last tail segment, which is 
perforated by the opening of the intestine, we shall find that it 
is comparatively small and devoid of foot -stumps, though it 


possesses one pair of long backwardly-directed cini. 

Internal Structure of Nereis (fig. 265). The body-wall pre- 
sents very primitive features, reminding one of Peripatus (see 
p. 401). It consists of the skin, which is practically little more 
than a thin epidermis covered by a tough cuticle, and two under- 
lying muscle-layers, of which the outer is composed of fibres which 
run transversely, while the other consists of four prominent bands 
in which the fibres have a longitudinal direction. Closely con- 
nected with the ♦body-wall, though scarcely perhaps forming part 
of it, is an oblique ^heet of muscle on each side, made up of 
numerous fan-shaped sections, which take origin near the sides 
of the ventral nerve-cord and spread out in the foot-stumps, to 


which they are attached and serve to move. 
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Digestive organs , — On cutting open the body of Nereis we 
find that it is traversed by a straight food-tubey between which 
and the body-wall is a large body-cavity which corresponds with 
that of Vertebrates in being a coelom, i,e, a body-cavity which 
contains a lymph-like fluid and communicates with the exterior 
by excretory tubes (see p. 428). The segmentation prominent 
externally is emphasized internally by the division of the body 
into a series of compartments by transverse partitions attached 



Fig 36s.>-Stnicture of Sea>Ceittipede enbrged to various scales 

A, Head, with mouth-cavity everted and jaws proutiding. B, A loot-stump (parapodium). c, FVont part of 

nervous system 


to the body-wall at the places where grooves mark off the seg- 
ments from one another. These partitions are also attached 
to the gut, and keep it in place, thus acting like the folds known 
as mesentery in Vertebrates. The food- tube or gut consists suc- 
cessively of mouth -cavity, pharynx, gullet, and intestine. An 
interesting peculiarity of the short mouth-cavity is found in the 
fact that it can be everted, or turned inside out, by means of 
appropriate muscles, and under those circumstances the absence 
of limb-jaws is made up for by the protrusion of a pair of hard 
horny jaws carried on the inner side of the pharynx and acting 
as a very efficient pair of pincers for seizing food. The everted 
mouth-cavity is restored to it^ normal position by certain muscles 
attached to its wall which draw it back. The pharynx has ex- 
tremely thick walls, another point in which one is reminded of 
Peripatus (see p. 401)., The gullet is short and narrow, and 
a pair of glands open into it. The intestine, which makes up 
the greater part of the gut, is thin-walled. 

Circulatory Organs , — We carl here distinguish, as in a Verte- 
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brate (see p, 38), between a blood-system and a lymph-system. 
The blood- system contains red blood, the colour being due to 
the presence of the same pigment (haemoglobin) as that found 
in Vertebrates (see p. 265), though here it is dissolved in the 
plasma, or liquid part of the blood, and is not cotitained in cor- 
puscles. The vessels which carry the blood form a closed system, 
the smaller branches of which break up into capillary net-works. 
No heart is present, and the pumping is effected by the larger 
vessels, along which waves of contraction pass, forcing the blood 
onwards, much as digesting food is carried onwards in an intes- 
tine by peristaltic contraction (see p. 37). The two most impor- 
tant blood-vessels are longitudinal in direction, one being a dorsal 
vessel above the g^t and the other a ventral vessel below it The 
blood flows forwards in the dorsal vessel and backwards in the 
ventral one. From these two chief trunks transverse vessels are 
given off regularly in segmental order, and the branches of these 
break up into net-works in the substance of the various organs. 

The lymph system consists of the body-cavity, and the colour- 
less lymph which it contains consists of plasma in which float 
numerous irregular lymph corpuscles (see p. 42). 

Respiration is effected in die body-wall, which is richly pro 
vided with blood-vessels branching just below dfl? epidermis. 
Most likely the foot-stumps play an important part in regard 
to this function. 

Excretion of nitrogenous waste is performed by the excretory 
tubes or nephridia, of which a pair are present in almost every 
segment Each of these organs is essentially a ciliated tube 
which begins by a small funnel placed just in front of one ofc 
the partitions which cross the body-cavity, runs back to pierce 
this, and ultimately opens to the exterior on the under surface 
of the body close to the base of a foot-stump. 

The Central Nervous System consists of a nerve -ring en- 
circling the commencement of the gut and a oentral nerve-cord, 
resembling, therefore, the corresponding organs of a lobster. The 
nerve-ring is thickened dorsally into a closely-fused pair of brain- 
or cerebral-ganglia, and the ventral cord, which is of douhje nature, 
swells into a pair of closely approximated ganglia in each segment. 

Sense Organs, — The cirri and head-tentacles are pi^esumably 
organs of touch. It is likely that the palps borne on the head 
have to do either with taste or smell, or it may be with both. 
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'Fhere are no auditory organs, and the four simple eyes have 
already been mentioned. 

The Bristle- Worms are subdivided into three orders: — i. 
Many-bristled Worms (Polychaeta); 2. Few-bristled Worms 
(Oligochaeta); and 3. Simple Segmented Worms (Archiannelida). 

Order i. — Many-bristled Worms (Polychaeta) 

This order embraces an enormous number of marine worms, 
possessing a considerable number of setae and agreeing in many 
other particulars with Nereis, which is a type of the order. Over 
thirty families are recognized, grouped into seven sub-orders, but 
it will be sufficient for our purpose to divide the order into two 
groups: — 1. Free-living Polychaetes (Errantia), and 2. Sedentary 
Polychaetes (Sedentaria). 

1. F:ree 4 iving Polychates (Errantia), of which Nereis is a 
good example, are carnivorous forms which move actively about 
in pursuit of their prey, swimming, crawling, or burrowing. To 
this habit their structure corresponds, for the locomotor orgauis 
(foot-stumps) are well-developed, as also is the head-lobe, with 
ip eyes and feelers. The pharynx can be protruded in the way 
described for Nereis and is usually armed with horny jaws. 

Only one or two British forms can be mentioned here in 
addition to Nereis. Species of Polynoe are common on our 
shores, and these can readily be identified by their elongated 
oval form and the presence of a double series of scales (elytra) 
on the, upper surface, which appear to be organs of respiration. 
Built on somewhat the same lines is the conspicuous “Sea- 
Mouse” {^Aphrodite), the plump body of which attains a con- 
siderable size. The setae are of several kinds, and very numerous: 
some of those arising from the upper divisions of the foot-stumps 
are much elongated and beautifully iridescent. As in Polynoe, 
there is a double row of elytra, but they are here covered by 
a tough membrane consisting of numerous small setae matted 
together. 

2. Sedentary Polycheetes (Sedentaria) either have limited 
powers of movement, and inhabit j^iermanent tubes, or else are 
burrowing forms, which pour out a sticky fluid from the skin that 
glues together the sand or mud surrounding them into a sort of 
temporary case. They live upop vegetable matter. The head- 
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region may either be much reduced and devoid of appendages, 
or else, in the forms inhabiting firm permanent tubes, provided 
with numerous tactile filaments and large branching gills. The 
foot-stumps are not so well developed as in the free-living forms, 
and the pharynx is not armed with horny jaws or teeth. 

The Lugworm {Arentcola piscatorum) (fig. 266) is well known 
as a burrowing form highly esteemed as bait. It makes T-shaped 
passages in the mud or sand, near which may be seen 
coiled ‘‘worm-castings’* made up of sand and undi- 
gested food, which have been voided from the bod). 
The most striking external feature consists in the 
presence of branching gills projecting from the* mitifllc 
region of the body. Cirratulus is a long cylindrical 
worm often to be found buried in the sand under- 
neath stones. Its locomotor organs are much reduced, 
and the dorsal cirri are slender elongated lil iments 
which project above the surface of the sand <ind act 
as gills, the active wriggling movements which they 
constantly execute giving them a resemblance **to small 
red worms, for which they are often mislaktai. Another 
common shore form is Sabellaria^ which oKic s siind- 
grains together into a tube. Large niirnl>««'s of these 
animals live associated together, and thr ir uibc^ often 
form compact masses of considerable (\\U*nt. L ve ry- 
one must have noticed at the sea-side small corvoKitcd 
limy tubes encrusting oyster-shells or stones. I hese 
belong to Serpula, a particularly beautiful form, in 
which the head bears two brightly-coloured bunches of 
gill-filaments. One of these is converted into a conical 
homy stopper, which closes the opening of the tube 
when the worm has withdrawn itself. Splrorbis is a 
related but much smaller form, in which the tube is 
coiled into a flat spiral. Large numbers of these 
often be found adhering to brown sea-weeds. 

Order 2. — Few-bristled Worms (OHgochaeta) 

These are segmented worms which for the most part live in 
fresh water or burrow in the earth. They lack feelers and foot- 
stumps, while gills^are but rarely present Locomotion is effected 
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by the contractions of the muscular body-wall aided by the setae, 
which are comparatively few in number. The pharynx is not 
armed with horny jaws. 

A common fresh-water form is the Red River- Worm {Tudi/ex 
rivulorum\ a small creature often to be seen in ponds, partially 
imbedded in the mud. Large numbers often occur together, 
making up conspicuous red patches, that disappear when the 
mud is disturbed, which means that the worms have withdrawn 
themselves into it 

Earth-Worms are found in almost all parts of the world, and 
there are a number of British species, of which the Common 
Earth-Worm {Lumbricus herculeus) is usually taken as a type. 
The head consists of a mouth-segment and a ^ead-lobe, and is 
entirely devoid of eyes or feelers. The trunk is divided into 
a large number of clearly -defined segments, and not very far 
from iK front end is a band-like thickening, the girdle (clitellum), 
which has to do with the formation of capsules in which the eggs 
are enclosed. The popular notion is that it is the result of injury 
by the ^pade. If an earth-worm be passed, tail first, between the 
finger and thumb, a distinct feeling of roughness will be experienced, 
due to the presence of four double rows of sete, the tips of which 
just project above the skin. 

Order 3. — Simple Segmented Worms (Archiannelida) 

A small number of simple marine worms constitute this order, 
and it js probable that to some extent at least they possess the 
characters of the ancestral stock from which all segmented worms 
are descended. It must not be forgotten, however, in this 
connection, that simplicity of structure is often the result of de- 
generjition, and it is possible that some of these creatures may 
be on the down-grade. There is a small head-lobe, and most 
of them have a fairly long trunk. The segmentation of the body 
is well marked by the presence of encircling grooves, and also by 
rings of cilia, which serve as locomotor organs in place of setae 
and foot-stumps, here entirely absent Probably the most primitive 
of the Archiannelids is the minute Dinophilus, of which more than 
one species occur on our coasts. It presents certain points of 
affinity to the unsegmented worms, which will be considered 
later. Polygordius is a slender cylindrical red worm found, 
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among other places, in the Mediterranean, and also recorded 
from the British coasts. It is more complex in structure than 
Dinophilus. 

A word of explanation may be here necessary of the statement 
that the simplicity of these creatures is possibly not primitive, but 
the result of degeneration. Take, for example, the absence of 
setae as a character to be criticised from the two points of view. 
This negative character may mean that the ancestors of the group 
did not possess setae, and, if so, the character is a primitive one. 
To maintain, on the other hand, that the absence of setae is due 
to degeneration is to suppose that the ancestral forms did possess 
setae, which have been lost in the course of evolution. That such 
a thing is possible becomes clear if we compare Nereis with some 
of the sedentary Polychaetes and with earth-worms. In the first 
case well-developed foot-stumps provided with setae are present; 
in the second, these structures are reduced; while ordinary earth- 
worms possess setae but no parapodia. A further reduction would 
give the condition found in Polygordius (and some Oligochaetes). 

Class II.— LEECHES (Discophora) 

Leeches are typically fresh-water or terrestrial forms, though 
some of them are marine. Most of them are blood-su^ing para- 
sites. The average characters of the group are conveniently 
exemplified by the common Medicinal Leech (Hirudo medicina/is). 
The elongated body, capable of considerable variation in form, 
is flattened from above downwards, and is provided vwith a 
stuker at each end, by alternate attachment of which looping 
movements can be p rformed, much as in a looper caterpillar 
(see p. 364). Both ih suckers face downwards, and the mouth is 
in the middle of the f one, while the intestine opens outside 
and just above the h^Klcr one Encircling grooves divide the 
body into a large numocr of narrow rings, several of which go to 
a segment. Feelers, foot-suimps, and setae are entirely absent. 
Ten simple eyes may be seen as black specks on the front end of 
the body, placed close to the marg»n of the upper surface. The 
well-known three-rayed bite of the leech is made by the finely- 
toothed margins of three horny jaws with which the muscular 
pharynx is provided. 

Although the Medicinal Leech does occur in this country, a 
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much commoner native form is the Horse- Leech {Aulastomum 
gulo\ which has smaller jaws and does not attack animals, preying 
only upon small aquatic animals. Some of the Leeches do not 
possess jaws, and these are grouped in a special subdivision of the 
class. Many of them are parasitic upon fish. 

SIPHON-WORMS (Gephyrea) 

This group is retained as a matter of convenience to include 
a number of worm-like animals, little known except to professed 
naturalists, and some of which appear to be related to Annelida. 
None of them exhibit other than feeble traces of segmentation. 

The Bristle^Tail {Echiurus) (fig. 267) has a stout cylindrical 
body covered by tough skin. The mouth is situated on the under 
surface at the base of a narrow forward 
projection known as the proboscis^ which 
must be regarded as a liead-lobe. It is 
used both as an organ of locomotion and 
in procuring food, a deep groove running 
along its under side to the mouth. Among 
ihe characters which show affinity to the 
Bristle -Worms may be mentioned the 
possession of set^y one or two rings of 
which encircle the hinder end of the body, 
while there are a pair of hook-like bristles 
imbedded in the skin not far behind the 
mouth. Behind them are the openings of ». 

two pairs of excretory tubes (brown tubes) jr^robaK:^' 

comparable to the nephridia of segmented month: * s, set.®, nx. excretory 

‘ i apertures , i, intestinal aperture. 

worms. 

The Siphon-Worm {Sipunculus) (fig. 26;), numbers of which 
are sometimes cast up on the shore by storms, burrows in the 
sand, which it swallows for the sake of the contained organic 
debris, in this respect reminding one of the earth-worm, to which 
also our native species have a slight external resemblance, though 
they differ markedly in the absence of setse and body-segments. 
Examination of a living Sipunculus shows that the animal pos- 
sesses the peculiar power of turning the narrow front part of its 
body outside in (introverting it), this and the reverse process 
oftep being rapidly repeated for a considerable number of 
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times. When the body is fully extended the mouth will ht seen 
at us tip surrounded by a series of short, grooved tentacles. This 
creature departs further than Echiurus from the typical segmented 
worms, for it is entirely destitute of setae, and the convoluted 
intestine opens to the exterior not far from the front end of the 
body on the upper surface. 

WHEEL-ANIMALCULES (Rotifera or Rotatoria) 

The Wheel - Animalcules are minute transparent animah 
mostly found in fresh water, though some are marine, and others 
are to be found on damp earth and vegetation. They present 
great diversity in form and structure, and as microscopic objects 
are unsurpassed for beauty and interest. Unfortunately their 
true affinities are yet to seek, but as likely as not they are the 
degenerate descendants of higher worms, and are to be looked 
upon as permanent larvae, the original adult form having been 
dropped out of the life-history. That such a thing is possible is 
shown by the case of the AxolotU among 
Amphibia, to which reference has already 
been made (p. 249). 

A common and beautiful frash-water form, 
which will serve as a type, is the Rose-coloured 
' Rotifer {Phtlodina roseola) (fig. 268). The 
elongated body is covered by a firm cuticle, 
and this is marked by transverse furrows so 
as to give a deceptive appearance of seg- 
mentation. The posterior end of the body 
tapers into a jointed tail ending in a pair of 
forceps, and by means of this region the 
animal is able to progress somewhat like 
a leech. When the rotifer is fully extended, 
a couple of prominences are seen at the 
front end which together constitute the wheel-organ. Each of 
them is fringed with a circlet of cilia, and as these move one 
after another in a very regular way a deceptive appearance of 
rotation is produced, suggesting the movement of a' wheel. By 
means of this organ the animal is able to swim and it also sets 
up currents by which food particles are brought to the mouth, 
lying in a depression at the fi-ont end of the body. The mouth 



Fig aM —Rote^oloDred Rotifer 
(Pktlodma roacia), greatly en- 
larged 
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opens into a mouth-cavity and this again into a muscular pharynx, 
which is continued by a short gullet into a wide stomach, this 
narrowing into an intestine which opens to the exterior on the 
upper surface of the body. Special interest attaches to the 
pharyfiXy usually known as the mastax, for the lining of this is 
thickened into a complicated set of hard pieces which work noon 
one another to crush the food. The transparency of the animal 
permits this process to be clearly seen, and it presents a curious 
and interesting spectacle, reminding one of the gastric mill in a 
lobster or the gizzard of a bird. The last section of the intestine 
is a cloaca, into which opens a thin-walled bladder (contractile 
vesicle) receiving nitrogenous waste matter from a couple of 
branched excretory tubes, which in some respects resemble the 
corresponding structures of the unsegmented worn^. There arc 
no specialized organs of circulation, these being represented 
simply by a fluid - containing body - cavity. Respiration takes 
place by th^ general surface of the body as is very commonly 
the case with minute animals of all grades. The nervous system 
consists of a comparatively large brain, placed in the front part 
of the body above the mouth. A red eye-spot is imbedded in its 
upper surface, and it is also connected with a stiff dorsal tentacle 
(calcar) which ends in a bunch of stiff hairs and is probably an 
organ of touch 

Rotifers differ from one another in many respects. The 
general outline of the body varies largely, and the wheel-organ 
in particular may be very variously shaped. Sometimes the 
cuticle is thickened into a firm protecting carapace. Many 
members of the group are fixed, and in this case a cement-gland 
opens on the tip of the tail. Such forms often live in a cup or 
“ house ” of various nature. Some of these will be described 
later on, when the defences of animals are dealt with in detail. 

MOSS-POLYPES AND LAMP-SHELLS (Mot.luscoida) 

Considerable doubt attaches to the affinities of the two aquatic 
groups here associated together for convenience sake. The)* 
were originally included in the Mollusca. Milne- Edwards estab- 
lished “ Molluscoidea ” for Moss-Polypes and Tunicates, to which 
Huxley added Lamp -Shells. When, however, it was proved 
beyoad doubt that the last group should without doubt be asso- 
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ciated with the Vertebrata (pp. 297-300), the term Molluscoida 
gradually fell into disuse, and the Moss- Polypes and Lamp- 
Shells were cut adrift. There is good reason for thinking that 
they are di:>untly related to the segmented worms, but their 
relationships to that group and to one another are very obscure. 
Perhaps the simplest plan will be to retain the old division 
Molluscoida for their reception, provided the derivation of the 
word ( = mollusc-like) be ignored. As Huxley himself has re- 
marked, it is often necessary to retain terms, the derivations of 
which have reference to obsolete views. The two included classes 
— I. Mo-ss-Polypes (Polyzoa) and 2. Lamp-Shells (Brachiopoda) — 
are best considered separately. 

Class I.— MOSS-POLYPES (Polyzoa) 

These are small aquatic animals which are for the most part 
inhabitants of the sea, though some of them are found in fresh 
water. They present a peculiarity which so far we have only 
met with in some Tunicates (p. 300), ue, they are colonial. From 
the egg a free-swimming embryo is hatched, which after a time 
becomes fixed and founds a colony by means of budding, in a 
way suggestive of what takes place in plants. The shape of 
the colony naturally depends upon the manner in which the buds 
arise, and it may be compact, flattened, or branched in a more 
or less elaborate way. There is a firm external skeleton for the 
support of the colony, sometimes of gelatinous nature, but more 
frequently of homy or calcareous consistency. Each member 
of the community (zooid) is lodged in a special depression or cup, 
and within the protective investment the bodies of the different 
zooids are connected together. The Polyzoa are among those 
animals included in the old group of “ zoophytes ” (Gk. zdSn, an 
animal; pkyto, a plant), so named from the exploded idea that 
they partook of the nature both of plants and animals, a notion 
largely due to the fixed nature and plant-like appearance of many 
kinds. Even yet some of them are popularly confounded with 
sea-weeds, and of such one of the most abundant is the Sea-Mat 
{Flustra) (fig. 269), the flattened branching skeletons of which 
are among the common objects thrown up on the $hore by the 
action of the waves. Examination of one of these with a lens 
reveals the presence of innumerable closely-packed little cups, 
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the homes of the constituent zooids. Another common form is 
the Lace-Coralline {Membranipora\ seen at low tide as a delicate 
lace-like encrustation upon the large brown sea-weeds. 



Fig a6v.~Poly»>a. i, Soa^Bilat {Fhutra), 9, Sea Net {ReU^ora) 


The structure of the group is most conveniently studied in 
"one of the fresh-water Polyzoa, the Plume Coralline (Plumatella 
repens) (fig. 270), the branched creeping colonies of which are 



Fig. 97CX— PolyxoSf enlarged 

A, Small colony of Lopkopnt crystaUmut, ahoaring some individuals fully extended, and 
otheis in different states of retraction. B. Diagram of a suigle uidividual of Plumatellm, cut 
through centre of body 

found creeping upon stones and other objects. The skeleton is 
homy, and from the tip of each branch a zooid can be protmded, 
the free end bearing the mouth surrounded by a double crown 
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of ciliated tentacles in the form of a double horse-shoe, withii 
the concavity of which is the external opening of the intestine. 
This protrusible part of the body is drawn back or introverted 
by a retractor muscle at the approach of danger, reminding one of 
the arrangement which obtains in Sipunculus (p. 433), a further 
resemblance to which aninial is found in the approximation of 
the two openings of the gut, an obvious convenience in a tube- 
inhabiting animal. Within the translucent body the U-shaped 
food-tube can be clearly seen, consisting of gullet, stomach, and 
intestine. There are two small excretory tubes opening near the 
tentacular crown. The nervous system consists of a nerve-ring 
closely surrounding the beginning of the gullet, and thickened 
on the side next the intestine into a bilobed brain- or cerebral 
ganglion. The stomach is connected with the body-wall by a 
fibrous cord (fumcle) in which are developed buds known as 
statoblasts. In wintjer the colony dies down, to be replaced in 
the following spring by fresh colonies to which these buds give 
rise. 

Another very beautiful fresh-water form, the transparency of 
which makes it an attractive object under the microscope, is 
Lophopus crystallinus (fig. 270), in which the skeleton is gela- 
tinous, and the entire colony, instead of being fixed, is able to 
creep slowly along the surface of water-plants. 


Class II, — LAMP-SHELLS (Brachiopoda) 

These are exclusively marine forms, including only about 
120 recent species, though their area of distribution (which in- 
cludes the British seas) is extremely wide. In some of the 
geological periods, however, they were extremely abundant, but 
have gradually declined in importance from very early times. 

The most striking characteristic is found in the presence of a 
bivalue shell, which for a long time caused them to be confounded 
with bivalve Molluscs (pp. 328-338). Taking a typical Lamp- 
Shell (Waldhehnia or Terebratuld) (fig. 271) as an illustration, 
we shall find many well-marked differences from the members 
of the last-named group. To begin with, the two valves are not 
right and left, but upper and lower, and they are of unequal 
size, the upper being the smaller. In side view the shell resembles 
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in outline an ancient lamp, a fact which has given the popular 
name to the class. The projecting beak of the lower valve is 
perforated by a rounded hole from which projects a cylindrical 
stalk by which the animal is attached, and which occupies the 
same relative position as the wick of the imaginary lamp. The 
fixed sedentary habit of this and most other forms is another 
point of contrast with the bulk of bivalve molluscs, which possess 
a marked power of 
locomotion. We shall 
further find that either 
\alve is bilaterally sym- 
metrical, which is not 
the case with a shell of 
cockle, mussel, or the 
like, while the two valves 
of such a mollusc are 
typicallv c^nal in size. 

There are also great dif- 
ferences in the minute 
structure of the .shell. 

Upon opening the 
shell of a Waldheimia, 
the animal will be 
found to occupy but a 
very small proportion 
of the space within, 

but there are two large coiled “arms”, one on either side ot the 
mouth, fringed with a double set of tentacles and suggesting the 
tentacular crown of Plumatella, if one supposes the halves of this 
to be much elongated and coiled up. The so-called arms are 
supported by a curved loop, shaped like a carriage-spring and 
projecting from the upper valve, A mantle -lobe lines either 
shell. 

In a bivalve mollusc the two halves of the shell are drawn 



F.b ^^\ — T.imp Shell {W aldkcimi^ 

A, Diagram of Mnicture , body cut through centre, p, Shell, seen from 
left side c. Interior of dorsal valve, to show c.'irnage'spring " support 
for ni ms. 


together by adductor muscles and opened by an elastic ligament 
(P* 330)- In a Lamp -Shell both processes are effected by 
muscles, and the hinge along which movements take place runs 
transversely and is placed close to the beak. The gut is a bent 
tube placed in the middle plane and consisting of gullet, stomach, 
and intestine, the last ending blindly. A good-sized digestive 
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gland opens into the stomach. The excretory organs are in the 
form of a pair of funnel-shaped tubes* which, like the nephridia 
of a segmented worm (p. 425), place a spacious body-cavity in 
communication with the exterior. The central nervous system 
essentially consists of a ring surrounding the gullet, and thickened 
above into Brain- and below into other ganglia. (The upper part 
of the ring is not shown in fig. 271, a.) 



CHAPTER X 


STRUCTURE AND CLASSIFICATION OF FLAT-WORMS 
(Platyhelmia) and THREAD-WORMS (Nemathelmia) 


FLAT- WORMS (Platyhelmia) 

The animals included in this phylum are unsegmented worm- 
like creatures which in most cases are markedly flattened from 
above downwards, hence the name of the group. They ^re 
iivided into three classes: — i. Tape-Worms (Cestoda); 2. Flukes 
(Trematoda); 3. Planarian Worms (Turbellaria). 

Class I. — TAPE -WORMS (Cestoda) 

Tape-Worms are all internal parasites, and in the adult stage 
^re almost without exception inhabitants of the food -tube in 
various Vertebrate animals, from Man downwards. The structure 
has undergone profound modification as a result of the parasitic 
habit, and the life-history is often complicated for the same reason. 
Details must be deferred till the phenomenon of parasitism is fully 
discussed, it being sufficient for the present purpose to briefly 
consider an average example of the group, the Common Tape- 
Worm {Tania solium) (fig. 272), the adult stage of which is found 
in the human intestine. The long flattened whitish body has 
earned the name of “ tape ”-worm for the animal, which may be 
as much as 3 yards in length. It consists of a very small head 
and neck followed by the trunk, which gets broader and broader 
as we pass back to the hinder end, and is divided into a very large 
number of joints, which must not be mistaken for true segments 
such as have been described for annelids. It is indeed doubtful 
whether a tape-worm should be regarded as a single individual. 
An alternative view is that the head and neck together represent 
what may be called the primary individual, from which a long 
series of secondary individuals, the joints, has been originated. 

Close examination of the mvKxxX^^ head by means of a lens 

ux 
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shows that at its front end there is a double circlet of horny hooksy, 
behind which four large suckers are arranged at equal distances. 
By means of these hooks and suckers the head is attached to 
the mucous membrane lining the intestine of the host. Such 
organs of attachment are common among parasites, and another 

example is given further 
on in the case of the 
Thorn -headed Worm (p. 
449). No trace of a mouth 
can be seen, and indeed 
digestive organs are en- 
tirely absent, for the para- 
site lives at the expense of 
its host, absorbing through 
the general surface of its 
body the digested food 
with which, in the small 
intestine, it is surrounded. 
Nor are there any special 
circulatory or respiratory 
organs. The excretory^ 
organs are well developed 
and quite unlike the paired 
nephridia of segmented 
worms. They consist 
essentially of a narrow 
tube on each side, running 
not far from the edge of 
the body, and connected 
with elaborate branching canals which ramify in the soft substance 
filling up the spaces between all the internal organs. The nervous 
system is feebly developed, and its central parts consist of a longi- 
tudinal cord on either side, these being connected in the head by 
a transverse band, which may be regarded as equivalent to a pair 
of brain -ganglia. 

The joints which^make up the trunk are largely filled with 
cgg-producing organs, and, at the hind-end, joints full of ripe eggs 
are from time to time detached, passing out of the body of the 
host to the exterior. If any of these joints are devoured by a 
pig, the eggs hatch out in its stomach and the spherical embryos, 



Fip *7* — O’mmon Tape-Worm CcFnia soiiium) 


K, «lightly reduced p-c, enlarged to ^arlous scales a. Adult, 
showuig head and chain of joints proglottides), the npeat of which 
have been broken off n, He id c bi\ hooked embryo t>-r, Sugc^ 
in development of head u Bladder* Worm stage {cyi>ticercu>}, with 
head protruded 
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each of which is provided with three pairs of hooks, bore their 
way into the blood-vessels and are carried to the muscles, where 
they pass into a quiescent stage (pork “measles”). If a pig so 
infested is slaughtered, and some of the “ measly ” pork eaten in 
an imperfectly cooked condition by a human being, the life-history 
of the parasite is continued a step further, for the “measles” 
develop in the intestine of the new host into adult tape-worms. 

Class II. — FLUKES (Trematoda) 

Flukes, like Tape-Worms, are parasitic forms, but they present 
a wider range in the nature of their parasitism, some being found 
attached to the exterior of other animals, while some live within 
various organs of the host Here ifer — -iwotm 

again it will, for the present, suffice to 
describe a single member of the group, 
and the type which is most commonly 
taken as a sample is the Liver-Fluke 
(Fasciola hepaiica) (fig. 273), a much- 
dreaded agricultural pest which gives 
rise to the disease of sheep known as 
“liver rot”. 

The adult Liver-Fluke is found 
often in large numbers in the liver of 
the sheep, or, in some cases, of other 
animals, among which Man must be 
included. The body is leaf-shaped and 
abdut an inch long. At the front end 
there is a conical projection on the tip 
of which is a sucker surrounding the 
opening of the mouth. There is a 
second sucker placed farther back on 
the under surface of the body, and the 
excretory organs open by a minute 
pore at the tip of the hinder end. The 

animal is covered by a thick cuticle beset with minute backwardly- 
directed spines, which facilitate an onward wriggling through the 
substance of the diseased liver, which gradually becomes more and 
more degenerated and broken down, till at last, in bad cases, the 
sheep dies. 
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The internal structure of the Fluke is extremely complex, 
and only a few of the more salient features can be mentioned. 
The body-wall consists of the cuticle with underlying epidermis 
and muscular layers, within which the spaces between the various 
organs is filled up by a soft packing material, much as in a tape- 
worm. Here, however, though special circulatory and respiratory 
organs are absent, the digestive system is well developed, for the 
surrounding food, consisting of blood and broken down liver 
substance, requires to be digested. The mouth leads into a 
muscular pharynx, acting as a suction-pump, this into an extremely 
short gullet, and this again into a forked intestine, the halves of 
which are much branched and end blindly. The exertiory or^^ans 
are much of the same kind as in the Tape- Worm, and the ncr^vous 
system is not much better developed. It consists of a nng round 
the front part of the gut. thickened above into ill-defined cerebral 
ganglia, and giving off a number of nerves, of which the most 
important take a backward direction. 

The l^e-history is more complex than that of the Tape Worm, 
and of a remarkable character, including a number of stages The 
ripe eggs produced by the adult Fluke may be taken as the point 
of departure. These pass down into the intestine of the sheep 
and thence to the exterior. If they happen to fall intojwater or 
on to damp grass, and fluke-disease is commonest in wet fields, an 
elongated ciliated embryo out from each of them. This 
swims actively about for some time, and if it happens to come 
across a certain small water-snail (Limncea truncatuld), further 
stages in its lilie-history become possible. The larva makes its way 
into the lung of the snail and becomes a shapeless bag (sporocyst) 
within which are developed a number of cylindrical rediai, con- 
stituting the next stage. The redia makes its way out of the 
sporocyst and travels to the liver of the snail, upon which it preys. 
The last stage in the life-history is the tadpole-like cercaria, which 
is really an immature fluke, and this is produced within the redia 
much as that took origin within the sporocyst The cercaria 
leaves the snail, and,^ swimming through the water by nie^ns of 
its tail, reaches a piece of grass or some other plant, to which it 
becomes attached. The tail is lost and the body becomes invested 
in a firm limy coat or cyst If now a sheep should happen to 
swallow one of these encysted forms, the limy covering is dissolved 
by the action of the gastric juice, and the young fluke, escaping, 
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passes on into the small intestine, whence it travels up the bile- 
duct into the liver, there becoming adult 

Class III.— PLANARIAN WORMS (Turbellaria) 

These are widely -distributed flat -worms, differing from the 
members of the two preceding classes in being as a rule free-living, 
though a few are parasitic. All are carnivorous. Planarians are 
found abundantly in the shallower parts of the sea and in fresh 
water, while others are terres- 
trial, and are to be seen on 
damp earth and vegetation. 

One of the commonest British 
species is a fresh-water form, 

PlCLHCt/riCL IdCt^Cl 274). It Fij. 274.— (enlarged , with pharynx 

, _ 1 • • 1 ^ protruded to exterior 

IS a flatteped whitish creature 

of elongated oval shape, and an inch or less in length, which 
may be found gliding along over water-plants and stones. These 
movements are effected by a uniform covering of cilia with which 
the soft skin is clothed, and the presence of which constitutes one 
of the important differences from the Tape- Worms and Flukes. 
The ciliary action sets up minute currents and whirlpools in the 
surrounding water, which can easily be seen with a lens, and have 
given rise to the name Turbellaria, from the Latin turbella, a 
word vulgarly employed to denote the bustling of a crowd. 

The front end of the body is comparatively broad, while the 
hind end is pointed. Upon the under side of the body, nearer 
the hind than the front end, is situated the inauth, which leads 
into a muscular pharynx continuous with a three-branched intestine^ 
of which one section is directed forwards and the others backwards, 
while all three are beset with numerous branches that end blindly, 
reminding one of the condition of the digestive organs in a Liver- 
Fluke (p. 444). When the animal is in pursuit of prey, the pharynx 
is protruded from the mouth and used as an organ of capture, 
the food being taken directly into it, so, paradoxical as it seems, the 
mouth is not used as a mouth. As in Flukes and Tn]>e- Worms there 
are muscular layers beneath the skin, and the spaces between the 
complex internal organs are filled up with packing material. As, 
too, in those forms there are no circulcUory or respiratory organs, 
and the excretory structures are much of the same kind. The 
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central nervous system consists of a pair of brain-ganglia in the 
front part of the body, giving off various nerves, of which the two 
longest take a backward course. Upon the upper side of the head 
region are two simple eyes, each of which is provided with a lens 
and supplied by a special optic nerve. 

The Land Planarians largely agree with the preceding in 
structure, but are much more worm-like in appearance, though 
equally unsegmented. Some of the tropical forms attain a large 
size (up to 1 8 inches when extended), and are brilliantly marked 
with longitudinal streaks of colour, but our few native species are 
dull in colour and insignificant in size. An example is Rhyn- 
ckodemus terrestris, which is under an inch in length, whitish in 
colour below and dark-grey above. 

The commonest example of the marine Turhellaria native to 
Britain is probably Leptoplana tremellaris (fig. 275), which is 
frequently to be found adhering to the under surface of stones 
between tide-marks. It belongs to a group which is exclusively 



975 —Lfptcplnna irtmtUans ^enlarged), M 
■cell from under tuiiace, with phAryna protnided to 
cjrtcnor 


marine, and differs in a number of 
important particulars from Planaria 
lactea. The flattened oval body is 
rounded at either end but consider 
ably broader in front.'^ Not only is 
the animal able to progress in the 
gliding manner already described, 
but it can also swim with consider- 
able rapidity by flapping the sides 
of the body up and down. It then 
looks curiously like a minute Skate. 
The mouth is situated about the 
middle of the under surface, and 
the pharynx, when protruded from 
it, resembles a wide funiiel with 
plaited sides. This region of the 
gut leads into an elongated oval 


stomcuh from which branching, blindly-ending tubes radiate in all 


directions. The bilobed brain is situated fairly far back, and gives 


origin to a number of radiating nerves. There are fpur groups 


of simple eyes situated on the upper side of the body, in the 


neighbourhood of the brain. 


Certain Turbellarians belonging to the same group as the 
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species just described are brightly coloured, and some of them 
attain a large size, one recorded specimen being six inches long 
and four broad. 

Speaking generally, the class of Turbellaria is one of extreme 
interest, for it contains the simplest animals exhibiting bilateral 
symmetry, and this is obviously associated with the creeping habit 
(p. 22). 


•THREAD-WORMS (Nemathelmia) 

This phylum comprises an enormous number of unsegmented 
worm-like forms in which both ends of the body are usually 
pointed. The large majority of them are parasitic in the bodies 
of plants or animals, and various modifications in structure have 
taken place in consequence of this habit. A common and large 
type Is the Round-Worm, one species of which {Ascaris lufnbri- 
^oides) infests the human intestine, while a much larger species 
(Ascaris n^egalocephald) often abounds in the corresponding part 
of the horse. 

The body of a Round-Worm (fig. 276), though cylindrical, 
exhibits bilateral symmetry, but not in so marked a manner as 
in the higher worms, jaws and paired appendages of all kinds 
are entirely absent. The mouth is placed at the front end, and 
is guarded by three flap-like lips, of which one is dorsal, while 
the interspace between the other two is in the mid-ventral line. 
Each side-lip bears a small papilla which probably has to do 
with touch, and two of these are to be found on the dorsal lip. 
The intestine opens on the under side, not far from the hinder 
end, which in the male is sharply bent round. Close examination 
shows the presence of four streaks running longitudinally along 
the body and corresponding to special modifications of the body- 
wall. Two of these streaks are the lateral liftes, one on each 
side, and the others are dorsal and ventral lines, running in the 
median plane above and below respectively. 

The body ‘Wall resembles that of a Nereis (p. 426) in so far 
that it consists of external cuticle with underlying epidermis and 
muscle, but the differences in detail are very considerable. The 
cuticle is very firm and strong, probably serving to protect the 
animal from the digestive juices of its host, while the epidermis 
is indistinct and projects inwards to form the lateral and median 
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lines. As a result of this, the underlying muscle, which constitutes 
a sort of longitudinal layer, is broken up into four sections. 

The digestive organs (fig. 276) consist of a narrow tube 
running straight through the body, beginning with a thick-walled 
gullet which passes into a thin-walled intestine. 
Between the gut and body-wall is a body-cavity 
containing fluid, but there is nothing else to which 
the name of circulatory system can be applied. 
There are no special breathing organs, and the 
excretory organs are quite unlike those of a seg- 
mented worm (p. 428). consisting as they do of 
a narrow tube running in each lateral line, and 
joining with its fellow in front to open by a minute 
pore on the under surface. The nervous system 
again is in many respects unlike that of a seg- 
mented worm (p. 428). It is closely connected 
with the skin, and its most conspicuous portions 
consist of a ring not far behind the mouth, from 
which nerves are given off both fore and aft 
Those in front supply the lips, and of the others 
the largest are a dorsal and a ventral nerve which 
traverse respectively the dorsal and ventral lines. 

A common example of free-living-^Thread- 
rig. Worn Worms is the little Vinegar Eel {Anguillula aceti), 
common 'in paste and weak vinegar. Another 
creature, rqiresenting a g^oup differing in 
■Mi B p., urr. A T,, b- many respects from the one containing Ascaris and 
MpmuwB. Anguillula, is the Gordian-Worm (Gordius). This 
is a very slender black worm, often to be seen in pools or puddles, 
and the name has reference to the fact that a number of them 
may often be found twiied tc^ether into a complicated tangle. 
In early life the Gordia i-Worm is parasitic in an insect, leaving 
its host, however, when it becomes adult, and as large numbers do- 
this about the same time, dieir appearance in public is somewhat 
suddea Hence the rustic belief, once prevalent, that they have 
been rained down ^rom the sky, a common explanation of the 
rapid appearance in any quantity of all sorts of small animals. 
Another curious popular idea, suggested by the appearance of the 
worms, is that they are horse-hairs into which Ae breath of life 
has mysteriously entered. 
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A small group, provisionally placed in the Thread- Worms, is 
that represented by a curious parasite the Thom-headed Worm 
{Eckinorhynckus), the front end of which is provided with a hook- 
studded projection, by means of which attachment to the lining 
of its host’s intestine is effected. There are very many structural 
differences from such a typical form as the Round- Worm, the 
most remarkable being the absence of digestive organs, and it is 
more than doubtful whether the group should be included in the 
Thread- Worms at all. A typical species {Ecktnorkynckus gigas) 
lives, when adult, within the digestive organs of the pig, while its 
larval life is spent within the body of a Rose-Chafer or other 
related beetle. 



CHAPTER XI 


STRUCTURE AND CLASSIFICATION OF ECHINODERMS 
(Echinodermata) 


This is one of the most sharply-marked phyla in the animal 
kingdom, having specialized on very distinctive lines. Though 
considered after the flat-worms, it must not be imagined that it 
occupies a lower place in the scale. Indeed, as explained earlier 
(p. ii), it is impossible to place the various groups of animals in 
a linear series, each member of the series higher than the one next 
below it, and lower than the one next above it. But it is clearly 
necessary to describe the groups one after the other, just as if they 
actually formed such a series, and this is apt to give misleading 
ideas. 

The phylum contains marine animals only, and probably the 
most familiar of these is the Common Star-Fish [Uraster rubais\ 
found in abundance on many parts of our coast, ^t will .serve 
very well as our illusjtrative example. 

The body of a Star-Fish (fig. 277) is built on a plan quite 
different from those exhibited by the bilaterally symmetrical 
animals with which we have so far been concerned. As in a very 
large number of marine Invertebrates, there is a free-swimming 
larva, known in this case as a Bipinnaria, which is markedly 
bilateral. It is converted into the adult stage by a very com- 
plicated series of changes, constituting a true metamorphosisy one 
result of which is that the original bilateral symmetry becomes 
obscured, being replaced by a simpler kind of regularity to which 
the name of radial symmetry has been given, and which is well 
exemplified by the flower of a primrose, a cart-wheel. Or a regular 
pentagon. In one kind of Star-Fish, indeed {Goniaster\ the body 
is a pentagonal disc, but in the form selected for description, the 
corners of the pentagon have, so to speak, been drawn out so that 
a distinction can be drawn between a central disc and five radiating 
arms winch are continuations of it. In a Vertebrate, Arthropod, 
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or Worm, the body can be divided into corresponding halves in one 
way only, by a median plane which separates the right side 
from the left, but here this can be done in five different ways. 
Another way of putting it is to say that the body is regularly built 
up around a scries of axes which radiate from a common central 
point. Any part or organ which is cut by one of these axes may 
be said to occupy a radial position, while interradial structures 



Fijf 377 — Common Star-J ish (Uraster ntbem) 

A and n Lippcr and undei 'turfaces reduced c and D, much (.nhrj^d 


fall between adjacent axes. There is, it is true, a distinction 
between upper and lower surfaces, as in vertebrates, &c., but it 
is by no means clear that we are justified in considering these to 
be truly dorsal and ventral. 

Turning our attention to the pale under surface, we shall 
sec, in its centre, the mouth, entirely devoid of jaws and placed 
in the middle of a soft area from which a deep groove runs along 
each arm to its tip. Occupying these five grooves are a large 
number of slender cylindrical structures which observation of a 
living star-fish shows to be used in locomotion, and which have 
consequently been termed tube-feet. Each groove has fancifully 
been termed an ambulacrum, because, together with its tube-feet 
it suggested to the giver of the name a little pleasure grove or 
tree-lined avenue (Lat. aynbulacmmi). The tips of the arms are 
commonly seen to curl upwards, and each of them bears a reddish 
eye-spot. 
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The most conspicuous feature of the upper surface of the 
disc is found in the presence of a rounded plate in one of the 
interradial a’-eas. The meandering grooves which mark its sur- 
face look lIUj the markings upon certain corals (madrepores), 
and have suggested the name of madreporic plate or madre- 
poritc. As there is only one of these structures, the radial 
symmetry of the body is interfered with, and, strictly speaking. 
It is bilaterally symmetrical, the median plane passing through 
the plate and along one arm, which is generally considered to 
be the front or anterior one. So that the Star-Fish really presents 
bilateral symmetry masked by radial symmetry, so to speak. The 
minute aperture of the intestine is placed near the central point 
of the upper surface, but is not absolutely in the centre. 

The Star-Fish is firm to the touch, owing to the presence of 
a well-developed system of hard calcareous plates, present in 
the deeper part of the skin, and which are best seen in a dried 
specimen. Those which support and strengthen the upper part 
of the body are united together into an irregular net-Work, but 
in the neighbourhood of the ambulacra they are regular in shape 
and have a definite arrangement Of these plates the most con- 
spicuous are a double series of ambulacral ossicles united togethei 
so as to look, in the cross section of an arm, like an inverted V. 
The edges of the ambulacra are fringed with spinTs, and it is 
the presence of these, in typical Echinoderms which has given 
the name to the phylum (Gk. echinos, a hedgehog; derma, skin). 
Spines, however, are much more numerous and conspicuous in 
the members of some of the other sorts of Echinoderm, notably 
in the Sea-Urchins, which is expressed in the name for “ urchin ”, 
an old English word for a hedgehog. Among these spines, 
especially in the neighbourhood of the mouth, are some which 
have been peculiarly modified to form snapping jaw-like structures, 
known as pedicellaria. One use of these is probably to assist in 
cleaning the surface of the animal. 

Internal Structure (fig. 278). — Several points of interest are 
presented by the digestive organs. The mouth leads into a large 
stomach with folded walls, capable of being protruded outside of 
the body so as to engulf prey of comparatively large site. Star- 
fishes are extremely rapacious animals, and are among the worst 
enemies of the oyster. The stomach, after protrusion, is drawn 
back into the body by special muscles. It is continued into a 
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five-angled pyloric sac, and this into a short thin-walled intestine. 
The cavity of each arm is largely occupied by a pair of large 
saccular tubes which open into one of the corners of the pyloric 
sac, and secrete a digestive juice. The circulatory organs 
chiefly consist of an ill-developed blood-system devoid of heart, 
and of a spacious body-cavity. Special respiratory organs are 
evidently necessary in a creature furnished with a firm exo- 
skeleton, and ^in this case the function is discharged in part by 
delicate branched gills which can be protruded through the 
interstices of the calcareous net-work which strengthens the upper 



Fig. 378. — Common Star-FUh {Ureuttr rubtns), cut through disc and one arm to show etnichire Diagrammatic 


^surface. The tube-feet most likely help in breathing, and some 
of them in the neighbourhood of the mouth appear to be specially 
concerned with this function. 

Great interest attaches to what is known as the water-vascular 
system, a set of organs to which the tube-feet belong, and which is 
quite unlike anything existing in other subdivisions of the animal 
kingdom. It consists of a tubular ring surrounding the beginning 
of the food-tube, and sending a radicU vessel along each arm, just 
below the union of the two rows of ambulacral ossicles. The 
tube-feet are branches of the radial vessels, but they are also 
connected with little transparent bladders (ampullae) placed within 
the cavities of the arms. The fluid filling the water -vascular 
system is largely sea-water, which is able to get in from the 
exterior by a stone-canal that runs from the madreporite to 
the central ring, the grooves in the former being perforated by 
numerous minute holes. The ampullae, by their contraction, 
force fluid into the tube -feet, thus causing their protrusion. 
This method of working a set of locomotor organs is quite 
unlike anything we have so far met with, and it compensates 
for the comparative feebleness of the muscular system, correlated. 
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it would seem, with the marked development of a continuous 
exoskeleton, between the parts of which there are not, as in 
Arthropods, well-marked joints permitting of free movement. 

The nervous system is of very primitive type, and arranged, 
like the other internal organs, in accordance with the radial 
symmetry of the animal. It is intimately connected with the 
skin, of which, in fact, it may simply be regarded as a thicken- 
ing, and its best-marked portions consist of a ring round the 
mouth, and five radial nerves, one of which runs along each arm. 
But the entire body is invested in a nervous sheath, consisting 
of a delicate net-work lying in the deeper part of the skin. The 
chief sense organs are the tube-feet, which appear to be, among 
other things, tactile structures — indeed there is an odd tube-foot 
at the end of each arm which may definitely be called a tentacle, — 
and the eye-spots already noted. 

What are known as '‘comet** forms of Star-F'ish are not 
infrequently met with, ue, specimens in which from one to four 
arms are smaller than the remainder. The small arms are new 
ones growing in place of others which have accidentally been 
lost. Lower animals often possess considerable powers of re- 
generating mutilated parts, and this is to a limited degree the 
case even among some of the Vertebrates. 

Living Echinoderms are arranged in five classes: — i. Star- 
Fishes (Asteroidea) ; 2. Prittle-Stars (Ophiuroidea) ; 3. Sea-Urchins 
(Echinoidea); 4. Sea- Lilies and Feather-Stars (Crinoidea); Sea- 
Cucumbers (Holothuroidea). 

Class I. — STAR-FISHES (Asteroidea) 

These conform in character to the described type in many 
at least of the particulars. They are found in all seas, and 
the majority are inhabitants of shallow water, though some, 
including the largest species, are found at considerable depths. 
There are generally five arms, but this is by no means a 
universal rule. A common British species, for instance, the Sun- 
Star {Solaster papposus), possesses no less than thirteen. The 
name has been given on account of its resemblance to the con- 
ventional symbol by which the sun is usually represented, i^e, a 
circle with a number of radiating lines. 
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The animalb here included constitute a well-marked group of 
marine animals, in which the body is typically star-shaped or 
spheroidal, or less commonly cylindrical. There is a more or 
less perfect calcareous skeleton developed in the skin, and part 
of it may consist of fixed or movable spines, hence the name of 
the group (Gk. echinos^ a hedgehog ; derma^ skin : Le. hedgehog- 
skinned). A peculiar system of tubes is present, containing sea- 
water and communicating with the exterior. In three of the 
constituent classes (star-fish, sea-urchins, and sea-cucumbers) part 
of this “ water-vascular ” system consists of sucker-like tube-feety 
which are used for executing crawling movements. 

’ Four common British forms are figured as types of the four 
classes now dominant, i.e. Star-fish {Asteroidea)^ Brittle Stars 
{Op/nuroi(iea)y Sea-urchins {Kchinoidea), and Sea-cucumbers {Holo- 
thuroidea\ 

I Purple-tipped Sea-urchin {Echinus viiliaris). Body covered 
by numerous spines attached by ball-and-socket joints to 
little knobs. (“ Urchin” is an old name for the hedge- 
hog.) 

2. Black Sea-cucumber {Ifolothuria nigra). Leathery skin, in 

which scattered calcareous plates are embedded. 

3. Brittle Star iOphiura) Disc-like body with five flexible 

limb-like arms. 

4. Common Star-fish {Uraster rubens). With five arms which 

are extensions of the central body. (The large specimen 
figured has more than the usual number of arms.) 
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1. Sea-urchin. 


a. Black Sea-cucumber. 


3. Brittle Star. 


4 f’ominort Starfish. 
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Class II. — BRITTLE-STARS (Ophiuroidea) 

The members of this class, tnough to some extent they 
resemble ordinary star-fishes, and are by some naturalists included 
with them in a common section of the phylum, differ in a number 
of important particulars. There are a number of British species, 
of which one of the commonest {Amphiura squamata) is a little 
creature found on the under sides of stones near low-tide mark 
(fig. 279). It is at once evident that the five arms are sharply 
marked off from the central disc. 

They are indeed more of the nature 
of appendages, and are here the 
organs of locomotion, for which their 
extreme flexibility eminently fits 
them. Upon the under side of the 
disc, as in an ordinary star-fish, is 
situated the mouth in the form of a 
five- rayed slit. There are no ambu- 

,1 Fig. *79 — Brittle-Sur 

lacral grooves, and tne under side of seen from above. Eourged 

each arm is covered by a regular 

series of flat plates, at the sides of which the tube-feet project 
They are not, however, used as feet, but serve as organs of 
touch and respiration. There are no eye-spots on the tips of 
the arms. Turning to the upper surface, no trace of a madreporite 
can l>e seen ; it is represented by one of the plates situated inter- 
radially on the under side. There is no intestinal opening at all. 
Each arm is covered by a single series of plates, and a similar 
series runs along tech of its sides. The margins of the » arms 
are spiny, but there are no pedicellarise. 

There are important differences as to internal structure between 
a brittle-star and an ordinary. star- fish. The mouthy for example, 
is armed by a number of mexlified plates, and it leads into a 
spacious stomachy which bulges out into ten very short pouches. 
But there is no intestine and no digestive structures in the arms. 
•Indeed each of these is traversed by a special series of ossicles, 
which have been called vertebral, because they are jointed togethei 
something like the successive vertebrae making up a backbone 
Each of them is formed by the fusion of two ossicles, which are 
equivalent, to a pair of the ambulacral ossicles of an ordinary 
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$tar-fish. The stomach is not capable of being protruded as in 
one of the ordinary Stars. 

Class III. — SEA-URCHINS (Echinoidea) 

Among the animals commonly brought up by the dredge in 
British seas, and sometimes thrown up on the beach by storms 
is the Edible Sea-Urchin (Echinus esculenius) (fig. 280), which, 
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Fig 380 —Edible Sem Urcbm {Ecktnus ttcuUnitu) 

B, C, D, Enlarged to vanous scales a Diagram of upper surface, with moat of ipiiiei removed n PlMca of 
small part of an ambulacral and an interambuiacral area, with spines removed. Pores for tube bet andl kiio^ for 
spines are shown c, Diagrammatic section through qxne and knob, to show mode of attachment d, PediccM^kut 
B, Diagram of side'dtsscction, most of gut having been removed w v is an ahlvevutioo for “ wi^^pscuiar 

though it differs very much in appearance from a star-fis|j, is really 
constructed on n>pch the same type. The spheroidal body sug- 
gests in appearance a curled-up hedgehog, whencd^*as previously 
explained, the name “sea-urchin”, the appearance being due to 
the presence of an enormous number of spines, movably jointed 
to the underlying calcareous plates which, united firmly at their 
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ed^cs. constitute a firm protective “ test The base of each 
spine is hollowed out into a cup which fits over a corresponding 
knob on the test, so that there is a ball-and-socket joint arrange- 
ment, and by means of special strands of muscle the spine can be 
moved in any direction. This is an adaptation to locomotion as 
well as to protection. Effective tube-feet are, however, present, 
and in a living sea-urchin these may be seen protruding between 
the spines, and if we compare the animal to a globe with upper 
and lower ])olcs, their distribution is expressed by saying that they 
are arranged in five meridional bands. 

As in a star-fish, the vnmth is situated in the centre of the 
under surface, but in this case there are five pointed structures 
to be seen [)n)jecting from it, these being the tips of hard jiiTJS 
shaped something like the front teeth of a rabbit. The opening of 
the intestine is placed almost in the middle of the upper surface. 

-On scraping away the spines, the characters of the test may be 
studied in detail, and it is found to be made up of twenty regularly 
arranged sets of plates arranged in ten strips, which are broad ii 
the middle but narrow at either end, like the “gores’' which makt 
up .1 balloon, or are sewn together to cover a child’s cloth-coverec 
ball. Two meridional rows of plates are united to make up eaef 
of these bands. Five of these differ in one important particulai 
from the others which alternate with them, the distinction resting 
in the presence of a series of pores arranged in pairs, and placed 
ne<ir either edge of the band to which they belong. Each pair 
of these pores belongs to a tube-foot, which is thereby placed in 
communication with a radial water-vascular vessel, and with an 
ampulla (see p. 453), both of these being situated within the test. 
The presence of these pores enables us to distinguish between five 
auibitlacral areas, bearing tube-feet, and five intervening uiter- 
iimbulacral areas. The former correspond to the radii about which 
the body is symmetrically built, and the others are consequently 
interradial. It may be useful to institute a comparison with the 
star-fish, taking for the purpo.se, not the common form, but the kind 
{Goniaster) shaped like a pentagonal disc. If we suppose the 
body of .such a form to gradually swell so as to become spheroidal, 
while at the same time the o»’ginal upper surface gets smaller 
and smaller, the lower surface (bearing the tube-feet), becoming 
correspondingly extended, the sea-urchin type will be produced. 
For the five ambulacral grooves will be converted into the five 
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ambulacral areas, and the regions between them into the five 
interambulacral areas. 

There yet remain one or two other points to be noticed in 
the sea-urchin test. The plates at the upper pole, in the neigh- 

bourhood of the intestinal aperture, 
are somewhat specialized, and consti- 
tute an apical disc, the most important 
elements in which are ten plates, of 
which the five smaller ones are situated 
radially, and therefore correspond with 
the upper ends of the ambulacra! areas. 
Each of them is called an “ocular", 
because it bears an eye -spot. The 
five interradial plates are somewhat 
larger, and one of them is modified 
into the madreporite, which has the 
same function as in an ordinary star- 
fish (see p. 452). Like that animal. 
nf.a«f-Thr«»-j*w«drediceiian*ofSea- jqq ^he sca-urchin possesses those 

Urcluoi . greatly enlAUged ' , 1 • 1 1 

modified jaw-spines to which the name 
ol pedicellaricB has been given, but in this case the ja\^s three, 
and not two in number (fig. 281). Some possess jxiison-gl.mds 
(fig. right). 

The digestive organs consist of gullet and intestine, the leuer 
taking a spiral course, ’while the former traverses a complicated 
chewing apparatus fancifully called “Aristotle s lantern”, and made 
up of the five jaws, together with many other hard piarts. By means 
of special muscles the jaws can alternately be brought together 
and separated. As in the other groups of Echinoderms so far 
dealt with, there is a blood system of rather obscure nature, and 
the r^st of the circulatory organs consist of a particularly spaciou.s. 
body -cavity in which the various internal organs are placed. 
Breathing is effected by the tube-feet, and also by ten branching 
gills placed in the neighbourhood of the mouth, and resembling 
the structures which project between the interstices of the sjceleton 
in a star-fish (p. 459). This function is also possibly assisted by 
a narrow tube (siphon) running parallel to the gut and opening 
into it at either end. The water-vascular system is arranged on 
the same general plan as in a star-fish (p. 453), consisting of a ring 
round the gullet connected with the madreporite by a stone-canal„ 
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and giving origin to five radial vessels of which the tube-feet are 
branches, these vessels, however, running within the test. The 
nervous system^ too, is of the same general kind, but there are two 
nervous net- works, one outside the test and the other within it. 

Sea-Urchins are grouped in two divisions; 1. Regular forms, of 
which the just-described species is typical, and II. Irregular forms, 
in which there is a strongly - marked bilateral symmetry, and the 
body is often flattened, while the upper parts of the ambulacra 
are broadened out so as to collectively make up a flower-shaped 
figure, the tube-feet of which are definitely specialized into gills. 
These irregular forms again are divided into Shield- Urchins and 
Heart- Urchins. 

Shield - Urchins are sometimes very much flattened, as the 
name implies, and though the mouth has the normal position, the 
aperture of the intestine is shifted back into an interradial position. 

Heart- Urchins are distinguished by the shape under which the 
heart is conventionally represented, the notch of the heart being in 
front The opening of the intestine is displaced to the edge of the 
disc, and the mouth, instead of being central, is shifted forwards. 
The Heart- Urchins are devoid of the special chewing apparatus 
•known as “ Aristotle’s lantern A common British species is the 
Purple Heart- Urchin {Spatangus purpureus). 

Class IV.— SEA-LILIES AND FEATHER-STARS 
(Crinoidea) 

This is a decadent group, once of great luxuriance, but of 
which the most typical modern representatives are rare, and con- 
fined to the very deep sea. Taking such a typical Sea- Lily, for 
example, as Pentacrinus (fig. 282), it may roughly be compared to 
a star-fish with branching arms placed on the top of a long stalk, 
and having its mouth surface turned upwards. A certain vague 
sort of resemblance to a flower upon its stem has suggested the 
name. 

Examining Pentacrinus more closely, there will be seen a 
relatively small central disc, or cup, as it is usually termed, from 
which five arms project These are of the nature of appendages, 
and begin almost at once to branch in a forking manner. Each 
branch bears a double series of short filaments termed pinnules^ 
the name having reference to the arrangement seen in some plants, 
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€.g, in many ferns, where a central axis supports a row of leaflets 


on each side in a feather<like 
way. The mouth is in the 
centre of the upturned disc, 
and from it radiate five ambu- 
lacral grooves, corresponding 
to the similarly -named struc- 
tures in a star-fish (p. 451). 
As the arms branch, so do 
these grooves, and their small- 
est subdivisions run along the 
pinnules. Projecting from each 
side of an ambulacra! groove 
and its branches are a series 
of delicate pointed structures 
representing the tube-feet of a 
star-fish, but here no longer 
having anything to do with 
locomotion. The intestine 



Xanalapertwe 

Fig, aSt.— Sea-Lily 


A. Calyx and part of italk (reduced) a, Upper lUe of 
calyx, with anna cut off. 

opens near the mouth upon a 
projection skuated in one of 
the interradial spaces. The 
under side of the cup is sup- 
ported by regularly-arranged 
circlets of calcareous plates, 
some of which are compar- 
able, it would appear, with 
the apical disc of a sea-urchin. 
There is, however, no madre- 
porite. The under side of 
each arm, arm-branch, and 
pinnule is also supported by 
a series of hard parts, jointed 
together, howaver, so as to 
permit of a certain amount 
of movement The stalk 
upon which the animal is supported is five -sided, And it is sup- 
ported by a series of calcareous pieces, in the form of .prisms 
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joined end to end. At regular intervals the stalk bears circlets 
of jointed filaments (cirri) which also are strengthened by a 
deposit of lime. 

The interfial structure is very complex, and it need only be 
said that the gut does not extend into the arms, and that apart 
from it the chief organs 
have the radial arrange- 
ment described for 
other types. 

Although Sea-Lilies 
arc distinctly scarce 
animals, the same can 
scarcely be said for the 
Feather- Stars, of which 
one kind (Antedon or 
Conmtula rosacea) (fig. 

283^ not uncommon 
in British seas. Its 
life-history is one of 
peculiar interest, for 
the eggs develop into 
a stalked larva which 
is found attached to 
sea -weed, and looks 
like a minute Sea- Lily 
(fig. 284). Later on, 
the stalk disappears 
and the animal takes 

to a free life thoucfh *^“5 Suges m development of Feather star much 

, . ^ t-nlargcd. 3 is the stalked ^ pentaennus stage 

It IS possessed through- 
out its existence of a circlet of cirri, corresponding to the top 
circlet of those structures in a stalked form, and used to anchor 
the creature, and also in climbing. The life-history is interesting, 
chiefly because it is one of the best-known examples of a case 
where the development of the individual is a compressed present- 
ment of the genealogy of the species. If the Feather-Star were 
the only known Crinoid there would be a strong presumption that 
its remote ancestors were stalked, and this conclusion is fully 
borne out by a study of recent and fossil forms. 
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Claos V. -*SEA-CUCUT\IBERS (Holothuroidea) 


These are for the most part leathery elongated forms, some 
of which look uncommonly like cucumbers, a similarity which 
has suggested the name of the group. They are regarded by 
some authorities as representing most nearly of living animals the 
ancestral stock from which all Echinoderms must be supposed 
to have taken origin. This, however, is extremely doubtful; but 
as unfortunately the class, unlike the other ones included in the 
phylum, is but poorly provided with hard parts, fossil remains are 
infrequent, and throw but little light upon the question. 

In a typical Holothurian (such as the genus Cucumai-ia) (fig. 
285) the elongated body is .somewhat angular, and the two open- 
ings of the digestive organs arc at opposite ends of the body, 
the month being surrounded by a circlet of ten branching tontac/es, 
which can be retracted. The ambiilacral areas are marked by five 

doubl(‘ rows of inbe- 
feet protruding along 
the side of the body. 
No trace of a madrc; 
poritc' can b(‘ discerned. 
The lx 7 ?ly-wall consists 
of skin and underlying 
muscles, the* latter 
bcMUg as well developed 
here as they are scanty 
in those forms which have a well-developed exoskeleton. I'he 
hard parts oi a Holothurian are comparatively insignifu ant, the 
mo.st imporuint of them making up a calcareous ring round tht* 
gullet; and there are, Ixjsides, minute calcareous spicules scattered 
through the skin. 

The month, as already stated, is [placed in the middle of the 
crown of tentacles, and the.se are arranged in five pairs, one for 
each ambulacral area. One pair is smaller than the rest, and 
is used in shovelling fcx)d into the mouth. They correspond to 
the under surface of the body, which in some other members of 
the group is very sharply defined, though here the radial symmetry 
is not much interfered with. The mouth leads into a mouth- 
cavity, which opens into a gullet, and this again into a looped 
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intestine, which dilates near its termination into a section which 
is known as the cloaca, though it can scarcely be said to correspond 
to the similarly-named cavity found in many of the vertebrate 
animals (see pp. 69, 146, 200, 240, 261). 

The circulatory organs consist, as in a star-fish or sea-urchin, 
of a blood system and a lymph system. The former is chiefly 
made up of a ring round the beginning of the gut, of five radial 
vessels, and of branches to the digestive and some of the other 
internal organs. The lymph system consists of the spacious 
body-cavity filled with fluid, in which float both colourless and 
red corpuscles, reminding us of the blood of a typical vertebrate 
(see p. 38). 

Breathing is no doubt partly effected, as in other cases, by the 
tentacles and tube-feet, but there are also other structures which 
probably have to do with the same function, in the form of two 
large branching respiratory trees that open into the cloaca. The 
b?p,nrhes of these organs are beset with innumerable minute ciliated 
funnels, by which the body-cavity is placed in communication with 
the exterior. It is extremely likely that these trees also have 
to do with getting rid of the nitrogenous waste of the body, and 
if so, they are excretory as well as respiratory organs. 

'Fhe ivatcr -vascular system is constructed on the same plan 
as in a star-fish. There is a ring round the beginning of the gut 
from which a radial vessel runs along each ambulacrum to give off 
the double row^ of tube-feet. Branches of these vessels supply 
the tentacles, which are to be regarded as much-modified tube-feet, 
and there is a stone-canal with a madreponte which, instead of 
opening to the exterior, hangs down into the body-cavity. In 
a very young Holothurian, the stone-canal opens directly to the 
exterior, as in a star-fish or sea-urchin, but this connection is lost 
in the typical forms, though there are some deep-sea .species 
in which it fjersists throughout life. 

The nervous system is of the type already described for other 
subdivisions of the class (p. 454), Sense Organs are chiefly repre- 
sented by the tentacles and tube-feet, which no doubt have to do 
with the sense of touch. 

Within the limits of the class there are numerous variations 
in many re.spects. Certain deep sea forms present a well-marked 
bilateral symmetry, and the body' is produced into pairs of pro- 
jecting processes. In such forms, a well-marked flattened lower 
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surface upon which the animal creeps presents a sharp contrast 
with the curved upper surface. This is also the case with some of 
the species inhabiting much shallower water, and in these bilateral 
forms, three of the ambulacra are turned downwards, and bear 
tube-feet used in locomotion, while the other two face upwards, 
and their tube- feet are modified into pointed structures useful only 
as organs of breathing and touch. The tentacles also present 
a considerable variety in size and shape. Some common forms 
have the tube-feet irregularly scattered over the body instead 
of being arranged in rows, while in yet others the tube-feet, and 
even the radial branches of the water-vascular system, are absent 
altogether. This is the case, for example, in the genus Synapta, 
species of which are found in British seas. Here the translucent 
body is worm-like, and the small tentacles are feather-shaped, a 
further character of interest being found in the shape of the 
calcareous plates embedded in the skin, which are in the form of 
anchors with associated oval perforated plates (anchor plates). 
It also possesses ten minute auditory sacs in close connection 
with the nerve-ring. 



CHAPTER X 


STRUCTURE AND CLASSIFICATION OF ZOOPHYTES 
(CcELKNTKRATA), SPONGES (PORIFERA^ AND ANIMALCULES 
(Protozoa) 


ZOOPHYTES (Ccklenterata) 

The old expression “ zoophyte was applied to branching 
colonies of organisms regarding the animal nature of which doubt 
existed, and which were looked upon as being intermediate be- 
tween animals and plants. Here were included the forms already 
briefly 'dealt with under the heading of Polyzoa (p. 436), but these 
are of much higher structure than the 
bulk of zoophytes, which may con- 
veniently be grouped together under 
ihe phylum now to be considered. 

This embraces the Corals, Jelly-Fish, 

Sea- Anemones, and other creatures 
Jess familiar to the ordinary observer. 

As a simple and easily obtained type, 
it is customary to take the Fresh-water 
Polype i^Hydrd) (fig. 286), which is 
often found attached to pond-weeds, 
or sticking to the glass of a fresh- 
water aquarium. By leaving such an 
aquarium hi a brightly-lit window for 
some time, one may often secure a 
supply of these animals, which collect 
on the side next the light As they 

are not more than about \ of an inch long, the naked eye alone 
is not sufficient for their proper examination. Much can be made 
out with a simple lens, ^t a comoound microscope is necessary 
to determine details. This is one of the numerous cases where 
important results are to be obtained by means of cutting thin 
slices with a razor, an operation which requires that the animal 

voL. I. ^ so 
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should be killed, stained, and imbedded in paraffin wax or some 
similar substance. Extremely delicate slices of known thickness 
can be cut by means of the instrument known as a microtome, in 
which a sharp razor is mechanically drawn across the imbedded 
specimen, this being held firmly by a suitable device. The slices, 
when prepared, have to be cleared from paraffin and mounted on 
a glass slide, in some transparent medium, such as glycerine or 
Canada balsam. 

Specimens of Hydra are brown {e.g^. Hydra fused) or green 
(Hydra viridis) (fig. 286) according to the species, but in anj 
case the form and structure are much the same. The colour oi 
the green kind is particularly interesting, since it is due to the 
presence of a pigment (chlorophyll) which is characteristic of 
ordinary plants, and, as we shall sec later, plays a leading part 
in their nutrition. The body of a fully -extended individual is 
a hollow cylinder closed at one end, the foot, by which attach- 
ment to a firm object is effected, while it is narrowed and open 
at the other, the aperture being the mouth. A circlet of long 
slender tentacles is situated quite close to the mouth, just where 
the body begins to narrow. The large internal digestive cavity 
has no other opening to the exterior. We find here a perfect 
example of the star-like or radial sy^nmetry which is exemplified 
in a less complete manner by a star-fish or regular sea-urchin, 
and there is absolutely no trace of the bilateral symmetry so 
characteristic of higher forms (see p. 21). In other words, there 
is no distinction between front and back ends, right and left sides, 
or dorsal and ventral surfaces. 

If a fully-extended Hydra be touched or shaken it will at once 
become retracted, its body shortening into a little rounded lump, 
while the tentacles become minute knobs. Such an arrangement 
is obviously of a protective character. When in an extended 
position the animal is on the look-out for prey, if such an ex- 
pression may be used in the absence of visual organs. Its food 
consists of small aquatic animals such as Water- b'leas (see p. 422), 
which are much higher in the scale, and would at first sight appear 
to have every chance of escaping capture. This, however, is 
not the case, for if one of these active creatuics happens to come 
into contact with one of the tentacles of the Hydra it stops dead 
as if paralysed, and is then by the help of the other tentacles 
drawn down to the dilatable mouth and passes out of view into 
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the digestive cavity. The sudden arrest of activity on tfu‘ part 
of the unfortunate water-flea is brought about by means of minute 
“ thread -cells ” or “ nettling-cells which, as will be explained 
elsewhere, arc poisoned weapons of considerable virulence. 
Numerous groups or “batteries” of these are present upon the 
tentacles, on which they confer a roughened ippe.irance, and 
they are also present, though less abundantly, upcm other parts 
of the body. A^cii/ino- cells are very characteristic of the 
Gelcnterates, a fact which has been painfully brought home to 
many bathers in the case of some of the larger j(‘lly-fish, while 
even the innocent-looking sea-anemones have been known to 
seriously inconvenience persons who happened to touch them. 
Kven, therefore, if Hydra, like many of its brethren, w(tc con- 
demned to remain fixed in the same spot it would not necessarily 
be starved, but, as already hinted, it possesses (onsiderable powers 
of locomotion. It can, for example, slowly shuffle along upon 
the attached end of the body, and can also execute looping move- 
ments by alternately attaching the two ends of its body to the 
surface of a stone or water-w^eed, reminding one of what happens 
in the case of a leech (p. 432) or a looper caterpillar (p. 364). 
Specimens jnay also be found floating fn»(‘ly in the water, mouth 
downw^ards, with the foot close to the surface and held in place 
by what is known as surface tension. 

Sinuture of tibe Body (fig. 287). - Most of the external 
characters of Hydra have now been dealt with, and it remains 
to consider the minute structure of the body as determined by 
means of the microscope. Much can be learnt by examination 
of a thin cross-section, which may instructively l>e compared with 
a similar section through the body of an earth-worm. There is 
a central space corresponding to the digestive cavity, and outside 
this the body-wall, which is clearly made up of an outer layer 
and a much thicker inner layer, the two being separated by a 
thin membrane (supporting lamella). These two layers are 
respectively known as the ectodenn (Gk. cktos. outside; derma, a 
skin) and endoderm (Gk. endon, within; derma, a skin), and a 
double body-wall made up in this way is eminently characteristic 
of Coelentcrates and Sponges, especially in embryonic stages, on 
which account these two phyla . often grouped together as 
the Diploblastica'' (Gk. diplons, double; blastos, germ or bud). 
Turning now to the section of earth-worm, we see in the middle 
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a space corresponding to the digestive cavity or gut w^lch, 
however, is not bounded directly by the wall of the body but by 
<1 wall of its own separated by a considerable space, the body-cavity^ 
from the Ixul^ v^all. Hydra is absolutely devoid of a body-cavity 
in this sense. If we attempt a comparison between the two 

animals, the epidermis of the 
worm may be looked upon 
as ectoderm and the inner- 
most layer of the wall of the 
gut would appear to be equi- 
vylent to endodemi. But the 
greater part of body -wall 
and gut -wall in the worm, 
together making up what is 
called the middle layer or 
mesoderm, hits no distinct 
representative in Hydra, 
unless, perhaps, it is repre- 
sented in an inadequate 
manner by the thin mem- 
brane between ectoderm and 
endoderm. The presence of 
a distinct thirST layer coming 
between ectoderm and endo- 
derm is characteristic of all 
the phyla above the Zoo- 
phytes, and this comes out 
very clearly and simply in 
embryo stages. Hence all 
these phyla are collectively 
grouped together as Triploblastica, ix. three-layered animals, as 
contrasted with the two-layered forms or Diploblastica. The 
body-cavity is simply a split in the mesoderm, dividing it into an 
outer sheet lining the ectoderm and an inner sheet investing the 
endoderm. 

Allusion has already been made to the fact that the body of 
a higher animal is made up of a number of different sorts of 
material having specific purposes and known as tissues^ which are 
in effect the building materials from which the various organs are 
constructed. They are as follows: — i. Epithelium, consisting of 
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membranes which line internal cavities and cover the external 
surface, having in the latter case the name of epidermis; 2. Su^- 
portmg tissues^ such as bone, gristle (cartilage), and connective 
tissue which makes up tendons and lig?.ments, while it is also 
found as a sort of supporting framework in almost all parts of 
the body ; 3. Muscle^ constituting the flesh or meat, and also 
entering largely into the construction of the walls of various 
internal organs, such as heart and stomach; 4. Nervous /issue, 
constituting the essential part of the nervous system; and 5. 
Blood and Lymph, which must be looked upon as liquid tissues, 
serving as media of exchange. In a higher animal these various 
tissues are highly specialized so as to fit them for particular kinds 
of work; muscle has as its province the bringing about of active 
movements. Indeed it may be said that animals are “high” 
or “ low ” in proportion as the division of physiological work is 
completely or incompletely carried out. in a high animal there 
is great complexity of structure associated with this perfect 
division of function, while exactly the reverse is true for a low 
animal. And in degenerate forms, such as the Ascidians (p. 297), 
animals derived from relativdy complex ancestors have become 
simplified so as to suit them for simpler conditions of life. The 
loss of digestive organs by tape- worms (p. 441) is a further 
example of the principle. 

Careful examination of any one kind of tissue shows that it 
is entirely or largely composed of structural units known as cells, 
comparable to the bricks and stones, &c., which make up the 
building materials of a house, if we pursue a comparison which 
has elsewhere been made use of. It is these cells that consist 
of the actual living substance, protoplasm, with which vital actions 
are associated. Each cell contains a particle of specially modified 
protoplasm known as the niuleus, which appears to be a regu- 
lative centre. These cells differ largely in shape according to 
the nature of the tissue. A simple case is that of lymph (p. 41). 
which consists of a clear fluid (plasma) in which are suspended 
innumerable irregular lymph corpuscles, which in this instance 
are the constituent cells. Epithelium (fig. 288) again consists of 
one or more layers of cells closely packed together and possessing 
various shapes in different cases. There is, for example, simple 
scaly epithelium, made up of flattened cells united by their edges 
and only one cell thick; this incomparable to a tessellated pave- 
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ment, each separate bit corresponding to a cell. The lining of 
heart and blood-vessels is of this nature. Stratified naly epithe- 
Ihim resembles the preceding, but is several cells thick. Examples 
are to be found in the lining of the human mouth, and the epi- 
dermis of Frog. Simple columnar epithelium consists of prismatic 
cells packed together in a single layer, and is very characteristic 
of stomach and intestines. Other examples will be noted else- 
where. In many cases the surface cells of epithelium are provided 
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with numerous slendeV threads of protoplasm, cilia, which by their 
united action can set up currents. An individual cilium possesses 
the power of alternately bending and straightening itself. Various 
examples have already been given of the presence of such struc- 
tures (pp. 49, 428. 445). 

The ectoderm and endoderm of Hydra are to be regarded 
as tissues, but do not exhibit the high degree of specialization 
found in the phyla so far dealt with. They are more of the nature 
of epithelium than anything else, and this form of tissue is justly 
regarded as a comparatively primitive one. Beginning with the 
ectoderm (fig. 287), we find that the largest elements contained 
in this are wha^^ may be termed tailed-cells, since each of them 
is drawn out at its inner end into a fibre which appears to be of 
muscular nature. These tails all take a longitudinal direction, and 
collectively constitute a muscular layer by means of which the 
body can be shortened, supposing the fibres to contract or shorten 






ZOOPHYl'ES 


47 * 


simultaneously. Filling up the spaces between these larj^e cells 
are much smaller packing-cells with indistinct outlines, some of 
which become transformed into the nett ling-cells already noticed, 
and force their way to the surface. Deep down in the ectoderm 
arc also to be found scattered nerve-cells of star-shaped outline, 
collectively representing an extremely primitive form of nervous 
system. 

The endoderyn cells of Hydra are much larger than those of 
the ectoderm, and are provided with muscular tails running in this 
case transversely, so that collectively they make up a circular 
muscle layer, by the contraction of which the body can be ex- 
tended. These cells also have digestive functions, and their free 
ends, which are directed towards the digestive cavity, can be 
protruded into lobes by which food particles are bodily engulfed, 
or, to speak more technically, ingested. Many of the cells are 
also provided with groups of protoplasmic filaments, which execute 
lashing movements by means of which the contents of the digestive 
cavity are kept circulating. These are called flagella (L. Jla- 
gelluniy a whip), and though they are in some respects allied to 
cilia, differ from them in the relative complexity of their move- 
ments, their larger size, and the fart that but a small number 
of them are to be found on the same cell. In the green Hydra, 
the endoderm cells contain numerous spheres in which the charac- 
teristic pigment is contained, while in other species similar spheres 
are present, differing, however, in the nature of the colouring 
matter. 

From what has been said concerning Hydra it will be seen 
that in this animal there is but little specialization or division of 
the work of the body. As to digestive organs, the animal is little 
more than an animated stomach, food being procured by the action 
of the tentacles, and digested by the endoderm. Circulatory organs 
are entirely absent, and, indeed, they are not necessary, for the 
digested food can easily diffuse to all parts of the body. Waste 
products are similarly easily got rid of, and there are therefore 
no special organs of respiration or excretion. Both nervous system 
and sense organs are in a very undifferentiated condition, the latter 
being chiefly represented by sensitive ‘‘ trigger hairs ", with one 
of which each thread-cell is provided. 

Development (fig. 289).— New Hydrae are produced either by a 
process of budding or from eggs. In the former case, a little knob 
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is seen to make its appearance on the body-wall, and, becoming 
gradually larger and larger, is shaped by degrees into a fresh indi- 
vidual, which ultimately becomes detached. This process goes on 
very vigorously in summer, and a Hydra may often be found 
bearing several mature buds, which, in their turn, are giving rise 
to a third generation. A temporary form of branching tree-like 
form is thus produced. Late in the summer, when external con- 
ditions as regards temperature and food becon^ unfavourable, one 
or more rounded projections make their appearance near the foot, 
each of them containing an egg. After developing to a certain 



Fig. a89 — Devdopoieot of Hydra, greatly nagnified 
1, Own. a. Ovum, projecting ftom body^wall of parent 3, Section through young 
enb^, to Bhow protocUve cgg-ehell 4. CroM^ecuon of older stage. 5, Longitudinal 
Mctum throogh em&ryo after mptuie of egg ehelL 

extent, the egg surrounds itself with a firm horny coating, serving 
as an efficient protection, and, invested in this, falls from the 
parent animal into the mud at the bottom of the pond or stream, 
where, in a dormant state, it is able to survive the winter, which is 
not usually the case with the Hydra itself. The development is 
completed in the following spring, when the egg-shell splits and 
the young animal makes its way out. In many groups of the 
animal kingdom, it is a common phenomenon for “winter eggs” 
of this kind to be produced, and the extinction of, the species 
during the cold season is thereby prevented. A com|iarison may 
well be drawn with the seeds of higher plants, in which dormant 
embryos are contained that are able to resume growth with the 
advent of warmer weather. 

An interesting property possessed by Hyara is its power of 
regenerating parts which have been injured or removed. To such 
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an extent is this carried, that if an individual is cut into several 
pieces, each of them becomes a fresh Hydra, Powers of this kind 
are common among lower animals, and, as might be expected, are 
greatest where the body is but little specialized, as in the case now 
under consideration. Another case was mentioned when dealing 
with the Star- Fish (p. 454). The absence of specialization in Hydra 
is not so great, however, as supposed by the older zoologists, who 
imagined that the animal was so little discomposed when turned 
inside out that it lived on with the functions of the layers reversed. 

Zoophytes are conveniently divided into the following three 
classes: — i. Sea- Flowers (Anthozoa or Actinozoa); 2. Hydroids 
(Hydrozoa); and 3. Comb Jelly-Fish (Ctenophora), 

Class I. — SEA-FLOWERS (Anthozoa or Actinozoa) 

The brilliantly-coloured SeA- Anemones, Corals, Sea-Pens, and 
the like, which are grouped together in this class, justify its name 
(Gk. anthos, a flower; zd 3 n, an animal), for, when expanded, they 
look not unlike chrysanthemums or double dahlias, to the indi- 
vidual florets of which the numerous tentacles bear a certain 
resemblance. Many of them are colonial, while others live singly, 
and of these we may take the common Beadlet {^Actinia mesem- 
iryanthemmn) as an example (compare fig. 290). It is abundant 
on rocks between tide-marks all round our coasts, looking, when 
expanded, like a scarlet flower, but shrinking to a rounded jelly- 
like mass when contracted. In the former condition, it may be 
compared to a short broad Hydra, but the mouth is in the centre 
of a wide disc, and is surrounded by several rows of comparatively 
short pointed tentacles. There are, however, important differences 
in structure. The mouth leads, not into a widely- continuous 
digestive cavity, but into a tubular which hangs down within 

the body, and ends abruptly below. This may be roughly repre- 
sented by taking a piece of wide india-rubber tubing, and tucking 
in one end of it. The space between the lower end of the gullet 
and the base is called the stomach, and performs the function of 
a digestive organ. But this is not all, for running across in a 
radiating way from the body-wall to or towards the gullet are 
a large number of fleshy partitions, which divide the space external 
to gullet and stomach into a number of compartments. These 
partitions, or mesenteries, are, however, perforated above, so as to 
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put adjoining compartments into communication. The stomach, 
which is bounded by the thickened free edges of the septa, is 

of necessity continuous with the 
various compartments, except when 
digestion is going on, at which time 
the edges of the septa are brought 
close together, a digestive juice being 
poured out from them upon the 
food. These points will be made 
clear by examination of the accom- 
[)anying diagram. It may further be 
noted that the sides of the gullet are 
furrowed by two grooves placed 
opposite to each, and this organ can 
be collapsed in such a way as to con- 
vert these grooves into narrow tubes, 
these being lined by long cilia, which 
work in such a way that a current of 
water runs inwards in one tube, and 
outwards in the other. 

The mviiite structure corresponds 
in many ways to that of Hydra, 
there being ectodcTm, endoderm, and 
a supporting lamella between them. 
Nettling-cells arc abundantly present, 
but are more complex in pattern 
than those possessed by Hydra. 
There is further a greater amount of 
specialization, as seen especially in the muscular and nervous 
systems. 

The Antho/oa include two orders: — i. Six-rayed Sea-Flowers 
(Hexactinia); and 2. Eight-rayed Sea-Flowers (Octactinia). 
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Order i. — Six-rayed Sea-Flowers (Hej^actinia) 

These ^re distinguished by the fact that the tentacles are 
simple, while they and the mesenteries are usually arranged in 
multiples of six, and though this is often difficult to easily make 
out in the adult, it is clearly shown during the development. The 
Sea-Anemone just described is a good type of the order. Among 


SEA-FLOWERS 


475 



Fig tgi — SkelcUHU of Aimbun Cotmla. all reduced 

I, Tua-Corml {PfietUti^^ru/avatm), *, Oove Coral TrmckypkjfUim. Ctoffroyi) 3 Antler Coral {StriAto/om 
mhilnim) 4, Madnpora 43 oral {Mmdttpcrm 4 u»), 5 Shrub-Coral Hempntktt) 6, Hedgehog 

Coral itmmmetm) 7, Sun Coral {Htbaatrma FordtaktMn) 8. Mushroom Coral [Fnmgta 

acuUrta) 9, Brain Coral (Cm/mnm labyrmtknformu) 



476 


CHARACTERS OF INVfeRTEBRATE ANIMALS 


Other British anemones may be mentioned: Tealia trassicomis, 
a large red form in which the outside of the body is studded 
with warts, to which fragments of sand or shells may be found 
adhering; and the brownish or greenish Opelet {^Anthea cercm\ 
which can only partially draw in its tentacles. 

The majority of forms known as “corals” (fig. 291) are also 
members of the six-rayed order, and they include lx)th simple 
and colonial species. Of the former may be mentioned a British 
species (Caryophyllia Smithit) found in the English Channel. 
In structure it is comparable to a sea -anemone, but a hard 
calcareous skeleton has been secreted by the ectoderm in the 
basal part of the animal. When the soft parts are removed 
this is seen to consist of a conical cup, from which calcareous 
plates project inward. A simple coral attaining a much larger 
size is the familiar Mushroom-Coral {Fungid), chc flattened cup 
of which has some resemblance to the top of a mushroom, the 
gills being represented by the calcareous partitions or septa 
Most corals, however, form colonies by budding (gemmation) 
or splitting (fission), and it is these which chiefly build up the 
coral-reefs so characteristic of the warmer parts of the ocean 
where the water is free from sand or mud All sorts of different 
shapes may be assumed by the colonies, according to the species, 
some being encrusting or massive, while others br^pch in a tree- 
like way (fig. 291). The individual polypes may be separated 
by a larger or smaller interspace, so that their separate cups can 
be clearly made out, either imbedded in or else projecting from a 
common skeleton secreted by the common or colonial body (cceno- 
sarc) which unites the different members together. In other cases 
the polypes are closely packed together, and it even happens 
in some ca§es that there is no proper division between them, it 
being only possible to determine the number of individuals by 
counting the mouths which are present 

Order 2. — Eight-rayed Sea-Flowers (Octactinia) 

Although these forms agree in general plan of structure with 
corals and sea-anemones they also present striking differences, 
among which the most obvious are the possession of not more 
than eight feather-shaped tentacles and the same number of 
mesenteries. Nearly all the included species are colonial. 
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One of the commonest British members of the group is the 
organism to which the unpleasant name of Dcad-Maii s Fingers 
i^Alcyonmm digitatuvi) is applied, a name justified to some extent 
by the thick branches of the colony that look something like 
the swollen fingers of a clumsy hand (fig. 292). In a specimen 
cast up on the beach the individual polypes will have been drawn 
back into the fleshy substance of the colony, their position being 
indicated only by small depressions situated at a little distance 
from one another. Quite 
another appearance is pre- 
sented by a living specimen 
with all the polypes pro- 
truded, these having a dis- 
tinctly flower-like appear- 
ance, with eight feathery 
tentacles suggesting petals. 

As in an anemone, the 
mouth leads into a gullet, 
provided in this case, how- 
ever (as also in some of the 
anemones), with but one 
ciliated groove, and united 
to the body -wall by only 
eight septa. The digestive 
cavities of the polypes are 
continuous with canals which 
traverse the common flesh. At first there appears to be no 
skeleton; but microscopic examination reveals the presence of 
numerous calcareous spicules of characteristiu shape, scattered 
through the comparatively thick supporting layer which comes 
between the ectoderm and endoderm (see p. 474). There is 
reason to believe, however, that the spicules have been formed 
by the activity of ectodermic cells which have become detached 
from their own layer. 

Another familiar example of the group is the Organ-pipe 
Coral {Tubipora mnsica), in a dried specimen of which may be 
seen numerous red tubes connected together by “platforms of 
similar material at different levels. From these platforms new 
individuals grow up, and so the coral increases in breadth as it 
gets older. As in colonial corals generally the individuals are 
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Mbs , mesentenes 8 in all .ire present note the single food groove 
in lower side of gullet 



478 


CHARACTERS OF INVERTEBRATE ANIMALS 


limited to the surface-layer, while the deeper part of the mass 
is cut off by partitions and merely consists of dead material 
In a living specimen of Tubipora the upper end of each tube is 
occupied by a polype of similar character to those found in 
Alcyonium, and adjacent members of the colony are connected 
by living matter which extends along the uppermost platforms. 
Microscopic examination of the skeleton shows that it is formed 
by the intimate union of innumerable minute spicules comparable 
in nature though not in shape to those of Dead-Man’s Fingers. 

Other examples are Red Coral (Coralliuin ^mbrum) (fig. 2), 
where there is a compact branching skeleton (composed of united 
spicules) covered by the common flesh (ccenosarc) of the colony 
from which the polypes project at intervals; Sca-l^ens {PennatUla, 
&c.), where the colony is feather -shaped with a series of iiKli- 
viduals on each side, while the axis is supported by a firm rod; 
and the Sea-Mats {Gorgonia, &c.). where the flat upright colony 
is variously branched and supported by a horny skeleton, which 
is covered by common flesh with polypes much as in the Red 
Coral. 


Class II.— HYDROIDS (Hydrozoa) 

The Fresh- water Polype, Hydra, has already been described 
as a simple tyjxi of this class (pp. 465 471). wTTich is pre- 
dominatingly marine. The apparent simplicity of Hydra, it 
should lx* noted, is in all probability the result of reduction, and 
.1 much lietter idea of the groups is to be obtained by Lriefly 
considering one of those marine forms to which at different 
stages of the life - history the terms “hydroid zoophyte” and 
“ medusa ” are applied. The horny skeletons of zoophytes of 
this sort are cast up c 1 the shore in abundance by storms, and 
some may be found growing nec.r low-tide mark in rock-pools. 
They are often confused with .sea-weeds in ainateur collections, 
in which their branching skeletons are frequently to bt‘ found. A 
very common Briti.sh genus is Obclia (fig. 293), for which there 
is no popular name. It will be remembered that in deafing with 
Hydra it was pointed out (p. 472) that during summer, when 
that animal is actively budding, two or three generations of indi- 
viduals may be temporarily connected together. If these buds 
were to remain united, and the budding process were carried 
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further, a permanent branching colony would be the result 
Obelia is a colony of this kind, and for its support some sort of 
skeleton is necessary, as is the case in the corals already described. 
Here, however, it is in the form of a horny investment, which 
covers the common body (coenosarc) and expands at the tip of 
each branch into a little cup in which is lodged a hydra -like 
polype. There is, 
however, a further 
arrangement in the 
form of much larger 
cups (gonangia) 
within which are 
produced groups of 
special buds, the 
function of which 
is to produce eggs. 

WliCu* (liese buds 
are mature they are 
liberated in the 
form of small jelly- 
fish or meduscCy 
which lead an in- 
dependent life for 
some time and pos- 
sess active powers 
of movement. The 
jelly - like consis- 
tence in cases ot 
the kind is due to 
the excessive de- 



Fip •^91 — Fixed Ttid Free '.wimming Stiges of v android Zoophyte (OMia) 
A, Natural si7e b-p, cn •fi’fd 

A, A col >n> of the hxrd hjdioid attichcd to a piece of v;a ueed 

u, I" nd of 1 li’-Mieh of s\nic c. Upper side md p, ui dei side ol the free 
NWimniiii,; stage jell> hsh or medusa 


velopmeiit of the lamella between ectoderm and e ndoderm, which 
becomes thick and gelatinous, while cells from the two layers in 
<|uestion make their way into it. The little medusa may l>e 
compared to an umbrella wdth a very short handle (manubrium), 
and around its margin is a fringe of tentacles, eight of which 
have ininute auditory vesicles at their bases, one to each. I'he 
mouth is situated at the end (j>f the handle, and leads into a 
stomadi, from which four tubes ladiate to the edge of the umbrella, 
where they are continuous with a circular ring-canal. It may 
further be added that a little shelf or velum projects inwards from 
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the margin cf the umbrella The eggs give rise to hydra-like 
individuals, each of which develops a fresh colony by means of 
budding. 

The Hydro^oa may conveniently be divided into two orders: 
I. Budding Hydroids (Hydromedusae); and 2. Splitting Hydroids 
( Scy phomedusae). 


Order i. — Budding Hydroids (Hydromeduscc) 

Obelia is a good typical example of the order, but in by no 
mean:> all cases are egg-producing buds set free as medusae, 
and a complete series of examples may be selected which range 
from that condition down to the state of things found in Hydra, 
wheie each egg is produced in a little swelling which has no 
resemblance whatever to a medusa. The intermediate stages 
are represented by cases where the egg-producing buds resemble 
medus^e but remain attached to the colony, and other cases where 
such buds may be compared to medusse in which some of the 
typical features have been, as it were, suppressed. 

Obelia is a type of one large division in which the fixed 
stage is distinguished by the possession of cups into which the« 
individuals can be withdrawn, while if free-swimming jelly-fish 
are produced their sense organs are usually auditory vesicles. 
Otiier common British genera are Scriularia and Plumuiai'ia. 

In another large group the investing skeleton ends abruptly 
at the base of each polype and does not expand into a cup^ while 
the medusae, if liberated as free-swimming individuals, usually^ 
possess eye -spots instead of auditory vesicles round the margin 
of the umbrella. Tubularia is a typical British genus, in which 
the polypes are comparatively large, and free-swimming medusae 
are not developed. It is also customary to place Hydra in this 
group, as well as a very interesting marine genus. Protohydra, of 
somewhat similar character, though it has no tentacles, and is to 
be regarded as the simplest known member of the Hydrozoa. 

Although most corals belong to the Anthozoa, ^ere are a 
few cases of species belonging to the Hydrozoa which, instead 
of secreting a horny investment, develop a firm calcareous 
skeleton, and superficially resemble the true corals, though in 
reality sharply marked off from them by the structure of the 
soft parts. Representative genera are Millepora and Stylaster, 
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in which there are hydra-like nutritive individuais, without well- 
developed tentacles, and reduced prehensile individuals devoid 
of mouths, and looking like large tentacles richly provided w ith 
nettle-cells, and branched in the 
case of Millepora. Elach nutritive 
polype is surrounded by a num- 
ber of these modified individuals, 
the function of which is to secure 
food. rhere arc also egg- pro- 
ducing members of the colony, 
comparable in function, though 
not in form, to the medusa-stage 
of Obelia. 

It will have lx;en gathered 
from the preceding that there is 
often a division of physiological 
work Jv‘twc(‘n the different mem- 
bers of a hydrozoan colony, jUvSt 
as in the complex body of a higher 
animal there is a similar division 
between the various tissues. This 
phenomenon is carried to an 
extreme in the free -swimming 
marine forms which are grouped 
together under the name of Com- 
pound Jelly-Fish {Siphonophora) 

(fig. ^4). Each colony com- 
prises individuals of the most 
various nature, and just as a 
hydroid zoophyte arises by the 
budding of a fixed hydra-like individual, so here we must suppose 
that buds of different kinds have been produced on a modified 
jelly-fish or medusa, in some cases upon the under side of the 
umbrella and in others upon the elongated mouth-stalk, which 
has been compared to the handle of <^he umbrella. 



Fig ^94.— A Compound Jelly-Fish {Sarsia) 

This may be regarded as a medusa (of which the large 
hell or umbrella ib seen at upper end of hgure) with a very 
long mouth-stalk (manubnum), on which smaller indi- 
viduals are fonned : buds 


Order 2. — Splitting Hvdroids (Scyphomedusae) 

To this order belong the large jelly-fish which are often 
seen in great numbers in British seas during the warmer parts 

31 
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of the year. The edge of the umbrella is lobed, the notches 
between the lobes sheltering peculiar sense organs formed by the 
modification of tentacles and covered by little lappets. Hence 



the term “ covered- 
eyed medusae ” some- 
times applied to these 
forms, to distinguish 
them from the“ naked- 
eyed medusae ” of the 
preceding class, in 
which the marginal 
sense organs are not 
covered by such lap- 
[>cts. These terms, 
however, were not 


a Ihe h\nl it-ge hjvlr^ tn! » /an! I r ci c -'ph ting o< rf I lorn haV)DilV cllOSCn foT it 
iiicduve </ ani. r, \oiiiig •'Ci.ii troeri ilu suk i iJ Ti im ckIom I r J ’ 

is onl) in certain cases 


that the sense organs have to do with sight. A \u gative charac- 


teristic of the jelly-fish included in this division is to b(' found in 
the absence of the true \elum p. 479). The most typical 



Fig •*96.— LAicernana, enlarged 


mcmIjer-5 of the group present two stages in^ 
the life-history, as in Obelia (p. 4S0). /.e. (i) 
a fiKcd hydroid stage, and (2) fhe free-swim 
ming medusa. The common British form 
Anri'/ia may be taken as an example (fig. 
295). Here the fixed stage is what is called 
a Hydi'u-iuba, somewhat resembling a short, 
broad Hydra in shape, though internally it 
presents a difference in the presence of four 
longitudinal folds which project into the diges- 
tive cavity. Medusae are developed from it, 
not by budding, but by a process of trans- 
verse splitting, and when the process is far 
advanced, the incipient medusae may be com- 
pared to a pile of saucers. Soon<br or later 


these become detached and grow into the mature Jelly-fish, by 


which eggs are produced which complete the cycle of development 
by becoming hydra-tubae. 

Some of the medusae belonging to the order have no fixed 
stpo^e, and in the case of certain other species (Haliclysius, 
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Lucemaria, &c.) there is, on the contrary, no medusa stage 
(fig. 296). 


Class III.— COMB JELLY-FISH (Ctenophora) 

These are small, transparent, free-swimming forms occurring 
in vast numbers in the open sea. When alive they are of 
extreme beauty. A common British genus, Cydippe, typically 
exhibits the features of the class (fig. 

297). 

Here the body may be comj)arcd in 
shape to a minute melon, with the month- 
opening at one pole and a complex sense 
organ at the other. Locomotion is 
brought about by eight longitudinal 
baiid.'^* of little paddles which suggest 
the teeth of a comb. Each paddle is 
apparently made up of a number of cilia 
which have fused together. From each 
side of the body a long feathery tentacle can be protruded, which 
is used for the capture of food. These tentacles, when not in use, 
are drawn back into pouches. The mouth leads into a gullet, and 
that into a complex system of canals, which communicate with 
the exterior by two pores at the opposite end of the body. 
Nettling-cells are absent, but the tentacles are provided with 
glutinous adhesive cells by which particles of Uiod are secured. 
There is no fixed stage in the life-history. 

Among other genera may be mentioned V ?nus s Girdle (Cestui)^ 
in which the body is band -shaped and may be as much as a 
foot in length ; and Beroiy a cap-shaped form devoid of tentacles. 
There are also two very interesting creeping genera {Ctefwplana 
and Ccelopland), which, as a result of their mode of life (see 
p. 23), present an approach to bilateral symmetry, and have 
been compared to some of the Turbellarian worms (p. 445), it 
even being suggested that the Turbellaria have been derived 
from ancestral forms closely related to the Ctenophores. 
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SPONGES (PokiFERx) 

Sponores were long considered to be of vegetable nature, an 
idea that was only finally upset by the study of their minute 
structure. ICxccpt to a naturalist the word “sponge” merely 
suggests a bath-sponge, which is in reality the horny skeleton 
of a colonial species. To gain a clear idea of the structure of 
the group it is necessary to consider the simjiler Ctises presented 
by some of the solitary forms. In the simplest of these the 
body is shaped like a cu[> or vase, fixed at one end and ope n 
at the other. It is tempting to draw a comi)arison with Hydra, 
or better with IVotohydra (p. 480), which is simply a tube oj)en 
at one end. Such a comparison, however, is beset with tliffi- 
culties, for while in Protohydra the aperture is clearly «i mouth 
through which food is introduced, it will be found by watching 
the living sponge that currents of water are constantly (lowing 
out of the corresponding opening, here technically known as 
the osculum (L. for little mouth). And, further, the body-w.ill of 
the sponge is perforated by numerous small holes through which 
water-currents set into the central digestive cavity. 'I'hese cur- 
rents are the result of ciliary action, and by their means the 
animal is provided with the food and oxygen it jyquircs, while 
the various products of waste are swept out to the exterior 
through the osculum. This mode of life is associated with the 
sedentary or fixed habit of sponges, which is the chief reason 
for the old mistake of considering these creatures of vegetable 
nature. 

Microscopic examination shows that the thin body-wall of 
the simple sponge consists of an external ectoderm made up 
of a layer of flattened cells, a middle supporting layer, and an 
internal layer of entoderm composed of collar-cells. Each of 
these cells is provided with a whip-like projection of protoplasm 
{flagellum) (see p. 471), at the base of which is a collar-like 
projection. By the lashing movements which the;se threads 
execute the water-currents upon which the life of the animal 
depends are produced. The middle supporting layer is com- 
parable to the similarly -placed gelatinous layer of a jelly-fish, 
and it contains . numerous cells of various kinds which have 
been derived from the ectoderm and entoderm. Some of these 
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cells produce three-rayed calcareous spicules which form a very 
characteristic skeleton (fi^. 298). 

1 he majority of sponi^cs, like corals (p. 476), are able to 
produce colonies of the most varied shape by processes of buddinj^ 
or splitting, and in su( h cases the l>oundari(‘s between the indi- 
viduals are usually very ill -marked, thoui>h the number of these 



Fig 298 —Sponge Spicuks, enlarged 


is generally to be told by counting the number of larger openings 
or oscula which are present. There is also a very large amount 
of variation in the nature of the skeleton and the extent to which 
it is developed. It may, as in the simple case descrited, be made 
up of scattered spicules, and these may either be calcareous or 
siliceous. Such spicules are of many different shapes (fig. 298). 
and they may be compacted into a firm, continuous mass, while 
they may further be associated with, or replaced by, a complex 
horny net -work. It should further be remarked that in the large 
majority of cases the body-wall is much more complicated than 
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in the case described, and the collar-cells are restricted to small 
rounded chambers situated in the thickness of the wall and 
communicating by narrow canals with the exterior on the one 

hand and the central 
cavity on the other. 
The canal system 
may be exceedingly 
complex, as may be 
realized by looking 
at the labyrinth of 
spaces present in 
an ordinary bath- 
sponge. 

It will be sufTi- 

tig 299 B ith Sponge (A , retluctd ClCnt for thc prCSCIlt 

purpose to consider 

the Sponges as divided into two groups according to the nature of 
the skeleton, Ler, i. Calcareous Sponges, and 2. Siliceous Sponges. 

1. Calcareous SpongeSy when simple, correspond to the type 
described. A more complex example is afforded by thc common 
British species Grantia compressay a small white flattened sponge 
about an inch long, frequently found attached to sjpnes and other 
objects between tide-marks. Other forms are represented in fig. 
300. 

2. Siliceous Sponges include a great variety of forms in which 
the supporting spicules, when present, are of siliceous or flinty 
nature. One of the commonest British species is the Dread- 
crumb Sponge {HcUickondria)^ which, in the form of yellowish- 
brown or orange-coloured masses, may be found encrusting rocks 
near low-tide mark. On the surface of the sponge a number 
of little conical elevations may be seen, and on the end of each 
an osculum is situated. The pores by which currents enter are 
placed in the part of the sponge between these projections. For 
beauty of form nothing can surpass Venus's Flotver- Basket 
{EupUctella), a deep-water form in which the skeletpn may be 
compared to a cornucopia with a wall of lace -like > appearance 
and a perforated lid. Another very interesting kind is the 
Glass-rope Sponge {Hyalonema) dredged in deep water off Japan. 
Here the ovoid body is anchored in the mud by bundles of long 
twisted spicules which have suggested the name. 
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The Bath-Sponge (Euspongia) possesses a horny skeleton, the 
texture of which makes it useful for a variety of purposes. 

One small group of sponges is found in fresh water, and of 



Fig 300 —Croup of C ilcarcous Sponges i, Leucandra asptra 2, Sycandra raphauut 


these the commonest British genus (Spongtlla) is found as a 
greenish crust upon various objects. 


ANIMALCULES (Protozoa) 

The innumerable host of simple animals which constitute 
this phylum are nearly all minute, while many of them can only 
be studied by the highest powers of the microscope, so that 
every improvement in the construction of that instrument has 
been followed by the acquisition of fresh knowledge concerning 
this group. Very great interest attaches to the study of the 
Protozoa, for here we have to deal with life under the simplest 
conditions, and find the actual living substance, protoplasm, which 
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constitutes the essential part of all organisms, in a comparatively 
pure form, and not obscured to the same extent as in higher 
animals by the products of its own activity. It has become a 
tradition to take as a first type one of the simplest members of 
the group, Le. the Proteus Animalcule or Amoeba, which is 
commonly found creeping on the mud of ponds, 

Reference has frequently been made to the microscopic 
bodies known as white or colourless corpuscles which abound 
in the blood and lymph of higher animals (see p. 41). These 
crawl through the body in all directions and perform various 
functions of no mean importance, one being that of destroying 
disease germs which have entered the organism from the exterior. 
These corpuscles may almost be said to lead an existence inde- 
pendent of the rest of the body, and indeed it is possible to keep 
them alive outside the organism to which they belong for some 
time, especially in the case of cold-blooded creatures such as the 
Frog. An Amoeba resembles in many essential respects one of 
these corpuscles, so much so that when it cannot be obtained 
for study in the laboratory a white corpuscle is often taken as 
the best substitute. The body (fig. 301) consists of a particle of 
semi-fluid protoplasm possessing the power of active locomotion, 
employed in the search for food, which consists of microscopic 
plants and other solid bodies of organic nature. JThe complex 
and solid nature of the food, or part of it, is, as will be elsewhere 
shown, a characteristic of average animals as compared with 
average plants, and the powers of locomotion with which most 
animals are endowed has an obvious relation to this. In suchi 
a fixed aninuil as a sponge there is, as we have seen, a special 
arrangement by which food is brought to the body, compen- 
sating for the absence of locomotor powers. An ordinary green 
plant, feeding as it does upon gaseous and liquid food extracted 
from air and soil, has no need for powers of locomotion, and its 
branching form gives a very large surface through which the 
simple food can diffuse. An active animal, on the other hand, 
such as Amoeba, has a compact body which is clearly more con- 
venient for locomotor purposes and less exposed than a branching 
form would be to the attacks of enemies. When tree-like organ- 
isms, such as zoophytes, are of animal nature, they usually represent 
fixed colonies to which food is brought by currents. 

The body of a living Amceba is seen to be constantly changing 




A. Cockroach Gregarmo (Clefstdnm^ Nmttmrmm) b, BeU Animalcule [VorttctUa) eatended and re- 
tract C. Slipper Animalcule {Parmmmc$mm) D Volvo*. «. Euglena f. Noetiluca. c. Codonocladium 
H Moiuub I and Springing Monad {HtUrmmUm) 3. Ckilpm^mas 4 H*xamtta j and / Skeletons of 
R«dioUrm(i/r&«r#A^ and k, A Sun Animalcule l and l Small piece 
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its shape, blunt lobes of the protoplasm (pseudopods) being pro- 
truded from time to time. They are not constant structures^ 
but can be formed and again obliterated at any part of the body — 
at least in the commonest species of Amoeba. Not only do these 
lobes enable the animal to crawl about, but they also serve to 
secure food particles, engulfing them, so to speak. No breach 
is formed thereby, for any hole temporarily made in the semi- 
fluid protoplasm at once closes up without leaving any trace. 
Once within the protoplasm the food is digested, and the un- 
digested portions of it are cast out from any part of the body. 
In the case of Hydra some of the endoderm cells take in and 
digest solid particles in much the same way (p. 471). 

The simple body of Amoeba presents but little distinction of 
parts, but the outer part of the protoplasm is clearer and perhaps 
somewhat denser than the inner part into which the food is taken, 
and which also contains, as a rule, numerous granules of various 
nature. As in a colourless blood corpuscle a small rounded 
particle of specialized protoplasm, the nuc/eus, can be distinguished, 
and this appears to have a great deal to do with regulating and 
controlling the nutrition and other functions. Its presence shows 
that Amoeba is a single ce// or unit of structure, i,e, is unicellular. 
The body of Hydra, and the same thing is true for all animals 
higher than the Protozoa, has been compared (p. 46^ to a house 
composed of various .building materials of which the units are 
bricks, blocks of stone, and the like, these materials being likened 
to the tissues of the animal in which cells of differing kind are 
the constituent units. An unicellular creature like Amoeba may 
therefore be compared to a house built of one brick, if such a 
metaphor can be regarded as thinkable. The Protozoa indeed 
are defined as animals in which the body is made up of one cell 
only, or at most of an aggregate of cells which are not specialized 
into tissues, so that each member of the aggregate has to perform 
all the functions of life. The remaining thirteen phyla of animals 
are often grouped together as Metazoa, in which th^ body is 
made up of more or less numerous cells specialized to foi^m tissues. 
It may be as weH to express this in tabular form, advantage also 
being taken of the opportunity to show the limits of Vertebrata 
and Invertebrata, of Diploblastica and Triploblastica. 

There can be no doubt that the Metazoa are descended from 
unicellular forms, which must have resembled some of the 
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Invertebrata 


I. Vertebrata ' 

' IL Nemertea 

III. Mollusca 

IV. Arthropoda 
V. Annelida 

VI. (^ephyrea 
VII. Rotifera 
VIII. Molluscoida 
IX. Platyhelmia 
X- Nemathelmia 
XI. Echinodermata^ 
XII. Coclentcrata \ 
an. Porifera J 
.XIV. Protozoa 


Triploblastica' 


> Metazoa. 


Diploblastica j 


Protozoa, and consequently great interest attaches to the study 
of those members of the latter group which are aggregates of 
cells, since some of these may, in some respects, be like the 
transitional forms. 

Returning to the consideration of Amoeba, we find that this 
differs from a colourless corpuscle in possessing a liquid > filled 
space within the protoplasm which is constantly changing its size 
in a regular manner, and is therefore termed a pulsating va^uoU. 
If carefully watched in a living specimen placed under the micro- 
scope, this will be found to slowly expand to a certain size and 
then to suddenly contract so as to be entirely lost to view, soon 
reappearing, however, at the same spot. It appears to communi- 
cate with the exterior, and probably has to do with getting rid 
of waste products (excretion) and perhaps also with the introduction 
of dissolved oxygen into the body for the purpose of respiration. 

Amoeba is sensitive to external influences, being affected, for 
example, by changes of temperature, but it also appears to be 
able to execute movements, apart from the direct action of such 
influences. Otherwise expressed, the minute fragment of proto- 
plasm which constitutes the body of this animal, performs those 
functions which, in higher forms, are relegated to a nervous system, 
and its connected sense organs. 

Careful observation has shown that Amoeba multiplies itself by 
a process of splitting or fission, as observed in some animals higher 
in the scale (pp. 476). The nucleus elongates, and becomes 
divided into two parts, and at the same time the rest of the body 
is halved, the result being that the parent animal disappears 
altogether as an individual, being replaced by two new animals 
which subsequently increase in size. 
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It therefore appears that all the functions of life can be, and 
are, performed by a single cell, this having to discharge the duties 
which in higher organisms are distributed between different com- 
plex organs and tissues. 

It is convenient to divide the Protozoa into three groups: — 
I. Infusorians (Infusoria); 2. Amoeba-like Protozoa (Rhizopoda); 
and 3. Gregarines (Sporozoa) 


Group I. — Infusorians (Infusoria) 

If boiling water is added to chopped hay or other vegetable 
matter, and the infusion so procured allowed to stand for some 
time, it will begin to putrefy, and a large number of minute active 
creatures will make their appearance in it. The same thing would 
happen if the infusion were of animal nature. The term Infusoria 
was first applied to the minute forms noted in various decomposing 
substances of the kind just mentioned, but they are by no means 
invariably associated with putridity, and abound both in salt and 
fresh water, or even on damp soil and vegetation. 

A very common form is the Slipper Animalcule (Paramoeciunt) 
(fig. 301), which is readily obtained by making an infusion of hay 
as described. It is an active whitish creature, just visible to the 
naked eye. Placed under the microscope, it will be found to 
possess an elongated body, which, unlike Amoeba, has a definite 
shape owing to the fact that the outer layer of the protoplasm 
(ectosarc) is firmer than the rest (endosarc), and covered by a thin 
elastic membrane or cuticle. As another consequence of this,- food 
cannot be taken into, or solid waste ejected from, any part of the 
body, but there is on one side a depression which leads to a mouthy 
and this again into a very short gullet^ that ends abruptly in the 
soft internal protoplasm (endosarc). Not far from this depression 
there is a spot where the cuticle is absent, and the solid refuse 
from the food can pass out to the exterior. 

The presence of a cuticle, and the firm nature of the outer 
protoplasm, prevent the formation of the blunt lobes (pseudopods), 
which, as we liave seen, serve in Amoeba as organs for obtaining 
food and effecting locomotion. Their place is here taken by a 
uniform covering of cilia, which are protruded through minute 
holes in the cuticle. By them the animalcule is rowed about from 
place to place, and they also set u,p currents by which food particles 
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are conducted into the mouth. Within the body two pulsating 
vacuoles can be seen, one at each end, and there are also two 
bodies of nuclear nature, which are placed close together. One of 
them is large (macronucleus), and the other small (micronucleus). 
They pass through a series of very complicated changes before 
the animal undergoes transverse splitting or fission, which is here 
the characteristic method of multiplication. 

A very large section of the Infusoria are characterized by the 
presence of cilia, the arrangement of which differs in different 
species, and these constitute the group of Ciliata. We may 
take as a second example of this division the Bell Animalcule 
I Vorticella) (fig. 301), which is commonly found attached to water- 
weeds, or it may be to aquatic animals, such as the little red worm 
Tubifex (p. 431). Here the body is of bluntly conical form, with 
the narrow gend drawn out into a long slalk, firmly fixed to the 
object upon which the animal lives. When fully expanded, 
it cau be seen that the cilia are limited to the broad end of the 
body, on which they are arranged in a short spiral, while smaller 
cilia are continued down into a depression, which may be compared 
to that seen in the Slipper Animalcule, for it leads into a short 
wgullet of the same kind. Within this depression there is a soft 
spot through which the undigested remains of the food are ejected. 
The wreath of cilia produces currents, which set into and out 
of the mouth -depression, carrying food and dissolved oxygen 
inwards and waste matters outwards. As in a Slipper Animalcule, 
the protoplasm is divided into a softer central endosarc and a firm 
external ectosarc, the latter being continued into a fibre which runs 
n a wavy manner through the stalk. If Vorticella is alarmed in 
any way, the free end of the body is folded in and, at the same 
time, the elastic stalk is thrown into the form of a spiral by the 
shortening or contraction of the fibre it encloses. 

Within the body one pulsating vacuole can be seen, and also 
two nuclei, the big one having a very characteristic horse-shoe 
form. Multiplication is effected by longitudinal splitting, one of 
the two new individuals remaining on the stalk, while the other 
becomes detached, being rowed about by the cilia till a suitable 
.spot is reached, when it becomes attached, and develops a new 
stalk. 

Some of the near relatives of the Bell Animalcule form colonies 
by means of fission, the new individuals remaining attached instead 
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of at once becoming separated, as in Vorticella. All the members 
of the colony are of exactly similar nature. 

Another large section of Infusorians, the Flagellata^ is charac- 
terized by the presence of those protoplasmic threads known as 
JU^ella (p. 471), which, though allied to cilia, are capable of 
executing much more complex movements, and are not present 
in large numbers on the same cell. A common example is 
Euglena (fig. 301), a minute green form with worm-like body, 
found, sometimes very abundantly, in stagnant water. At the 
front end there is one long flagellum, which acts as a swimming 
organ, pulling the body after it through the water. At its base 
there is a minute mouth leading into an exceedingly short gullet, 
near which is a pulsating vacuole, and a red pigment-spot. The 
nucleus is central, and the green colouring matter (chlorophyll), 
which is of the same nature as that found in ordinary plants, is 
contained in specialized parts of the protoplasm. The body is 
constantly altering its shape in a peculiar manner, but the presence 
of a firm cuticle prevents the formation of pseudopods. 

Putrefying infusions contain vast numbers of very minute 
flagellates, commonly known as monads (fig. 301). A well-known 
form is the Springing Monad (I/eteromita), so named from the 
character of its movements. It is shaped like a bean, and pos- 
sesses two long flagella, attached near the notcKed side. One 
of these is extended forward during locomotion like the single 
flagellum of Euglena, while the other is trailed behind. 

A very interesting section of the present group contains simple 
and colonial forms, in which the individuals closely resemble the 
collaT’Cells of sponges (see p. 484). Codonocladium (fig. 301) may 
be taken as an example. The interest chiefly lies in the fact that 
such forms perhaps give a hint as to the ancestry of the sponges. 

It has been mentioned that Euglena is like a green plant, 
inasmuch as it contains chlorophyll, but the presence of a mouth 
proves it to be an animal. There are, however, certain flagellates 
which are coloured green by this pigment, and at the same time 
are devoid of any mouth-opening. Indeed, many botanists claim 
them as plants. Some are simple, others colonial, and of the 
latter, one genus is particularly well known on account of its great 
beauty as a microscopic object This is Volvox, a form shaped 
like a hollow sphere (fig. 301), and about the size of a very small 
pin’s head. At regular intervals in the wall of the sphere are 
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imbedded the green pear-shaped individuals, each of which is 
provided with a pair of flagella^ and is connected by threads of 
protoplasm with its neighbours. The colony swims about by 
means of the flagella, slowly revolving as it does so. We have 
here an example of the most perfect type of symmetry known, 
that of the sphere, a shape which is only possible when external 
influences act on all parts alike, as can only be the case with a 
revolving aquatic form. At times, however, the symmetry of 
Volvox is disturbed by the specialization of certain cells for the 
purpose of propagation. 

A small marine group of flagellates is represented by the 
remarkable form Noctiluca (L. noXy night; luXy light), countless 
myriads of which are sometimes found floating together in the 
sea (fig. 301), and are one of the causes of the phosphorescence 
common in the summer months. Each individual is of com- 
paratively large size of an inch in diameter) and is shaped 
like a p*^ich, a very large flagellum being attached at one end of 
the groove. The mouth is situated at the base of this structure 
and leads into a short gullet into which a second but smaller 
flagellum projects. 

Group 2. — Amceba-like Protozoa (Rhizopoda) 

A description has already been given of the Proteus Animalcule 
(Amoeba), which may be taken as a type of the group, all the 
members of which are provided with those projections of the 
body which are called pseudopods, though it is only in some 
cases that these are broad lobes, as in many sptcles of Amoeba. 

There are a number of common fresh-water members of 
this group (fig. 301), which essentially resemble Amoeba except 
that they possess a shell of varied nature and shape. Sometimes 
it consists of foreign particles cemented together, and at other 
times it is entirely made up of material presumably of horny 
nature formed by the activity of the protoplasm. 

Cases like those just mentioned lead on to a large and 
important group found both in salt and fresh water, and char- 
acterized by the presence of a shell that is often riddled with 
minute pores or foraminay on whtch account the name of Fora- 
minifera has been given (fi^. 301). The shell may be either 
tough and membranous, comp^ed of foreign particles agglutinated 
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together, or, and usually, of calcareous nature. It either con- 
sists of a #!ngie chamber or of a number of chambers associated 
in various manners and presenting the utmost variety in^ foroL 
One of the most abundant forms is Globigerina, the shell of 
which consists of several rounded chambers united together, 
and which occurs in such profusion in a calcareous deposit 
covering large tracts of the ocean floor that this has received 
the name of Globigerina ooze. Globigerina and other forms 
have also lived in earlier epochs of the earth’s history, playing 
a very important part as rock-builders. The pure form of lime- 
stone called chalk is, for example, mainly composed of such 
remains. Most of the Foraminifera are of small size, but 
Nummulina^ so called from its coin-like shape (L. nummuSy a 
coin), reaches the size of a shilling piece. Its shells chiefly 
make up the important nummulitic limestone by which mountain 
ranges in the Mediterranean region are to a large extent built up. 

The pseudopods of the Foraminifera are slender threads which 
often unite together into a sort of net-work. More than one 
nucleus is commonly present in the protoplasm of which the soft 
body consists. 

The Sun- Animalcules (Heliozod) (fig. 301) are a group of 
mainly fresh-water forms in which the body is spherical, and 
stiff pointed pseudopods radiate from it in a way which suggests 
the rays seen in the conventional representation of the sun; 
henc^ the name. There may be more than one nucleus and 
pulsating vacuole. Actinophrys and Actinosphcerium are typical 
genera. In some members of the group the surface of the 
body is covered by loose flinty spicules^ and in the stalked 
genus ClcUhrulina there is a continuous shell in the form of a 
perforated hollow sphere. This leads on to the condition found 
in most of the marine group of Ray-Animalcules (Radiolaria) 
(fig. 301), where there is a siliceous shell of extreme beauty* 
and of the most varied shape. Some parts of the sea-floor are 
covered by Radiolarian ooze, mainly composed of such shells; 
and there are also fossil forms making up certain rotks, notably 
in the Barbados. Almost every microscopic cabinet contains 
a slide of this “ Barbados earth 

The Amoeba group may be reckoned to include certain pro- 
blematic organisms called Myxomycetes or Mycetozoa, the latter 
name indicating the doubt which has existed as to whether 
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they are plants or animals (Glc myiis, a fungus; zdon, an animal). 
Indeed, like Volvox and its allies, they will be found described 
in most text-books, both of botany and zoology. A good example 
is the so-called flowers of tan ’* {^lAaitutn) (fig. 301), which is 
to be found in the form of sulphur-coloured net-works of proto- 
plasm creeping slowly over heaps of spent tan, and attaining 
a considerable size. At a certain time this organism produces 
little capsules in which a number of small hard-coated repro- 
ductive bodies known as spores are formed. From these escape 
little fragments of protoplasm, which are at first something like 
flagellate protozoans, for each of them possesses a single 
flagellum, while later on they assume the shape of minute 
amoebse. A number of these fuse together to form a creeping 
net-work. 

In the Amoeba group we may also include one of the simplest 
known kinds of Protozoa, a minute marine animal — Pro/omyxa 
aurantiaca (fig. 302) — found on the coast of the Canary Islands. 
In colour and appearance it resembles a small individual of the 
tan-flower organism, but no trace ol a nucleus was observed by its 
discoverer. After leading an active life for some time the body 
contracts into a spherical form and becomes surrounded by a 
firm investment The protoplasm then divides up into a number 
of fragments, each of which possesses a single flagelluin. These 
are liberated by the rupture of the protecting investment, soon 
assuming .the shape of little amoebae, of which numbers fuse 
together to form an adult 


Group 3. — Gregarines (Sporozoa) 

This third and last group of the Protozoa has been modified 
by the parasitic habit The body is covered by a firm cuticle, 
but cilia as well as pseudopods are absent A good example is a 
form (Clepsidrina blatlarum) (fig. 301), found within the alimentary 
canal of the Cockroach. The elongated body, when very young, 
is attached by a hooked narrower end to the lining of the cock- 
roach’s intestine. "Later on, the hooked end is shed, the animal 
becoming free. A nucleus is discernible within the protoplasm, 
but no pulsating vacuole. As the name indicates, the group 
is characterized by the presence of those specialized reproductive 
cells called spores, which are more commonly met with in plants 
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than in animals. Before these can be formed two individuals 
must together be surrounded by a firm coating or cysty and 
they then break up into a multitude of little spores surrounded 
by firm coats. The spores become free by a somewhat complex 
process, the firm coat of each then ruptures, and the contained 
protoplasm emerges, ultimately growing into an adult Gregarine, 
which is at first imbedded in and nourished by one of the cells 
lining the intestine of the cockroach. 

The Sporozoa not only include many forms more or less 
similar to the one described, but also a large number of much 
sitnpler species, parasitic in the cells of Vertebrates and other 
higher animals. 
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